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1. INTRODUCTION

Weston Solutions, Inc. (WESTON™), the Superfund Technical Assessment and Response Team
(START-3) contractor, was contracted by U.S. Environmental Protection Agency (EPA) Region
6 under Contract Number EP-W-06-042 and Task Order (TO) Number 0041 to conduct a
Removal Site Assessment (RSA) and an Engineering Evaluation and Cost Analysis (EE/CA) as
part of Non-Time-Critical Removal Support (NTCRS) at the Tronox Navajo Area Uranium
Mines (NAUM) Sections 35/36 (Cliffside) Mines site (Site) located in McKinley County, New
Mexico. The Comprehensive Environmental Response, Compensation, and Liability Information

System (CERCLIS) number assigned to the Site is NMNO000607481.

START-3 has prepared this site-specific Sampling and Analysis Plan (SAP) to describe the field
sampling and analytical scope of work to be performed at the NAUM Section 35/36 Mines as
part of the Task Order requirements. A Quality Assurance Project Plan (QAPP) and a Quality
Assurance Sampling Plan (QASP) are included as Appendices A and B, respectively, to this
SAP.

START-3 is responsible for the oversight and ultimate implementation of this SAP. START-3
and any other contractors involved in the implementation of this QASP will furnish the
personnel, materials, equipment, services, and facilities necessary to perform the NTCRS

activities. The oversight agency for these activities is EPA Region 6.

1.1 OBJECTIVES

The objectives of this task order are to conduct a RSA and EE/CA to evaluate the environmental
impacts and determine a removal alternative for the surface radiological contamination
associated with the legacy Kerr McGee mines (Section 35 [Elizabeth Shaft] and Section 36
[Cliffside]) operations by determining the level and extent of contamination and the exposure
pathways. The objectives will be achieved by evaluating field and laboratory analytical results
obtained during the RSA and EE/CA field activities. Direct reading instruments and soil sample

analysis will be utilized to ascertain Radium-226 concentrations for comparison to a risk-based
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action level of 3x10™, which is established by EPA to be comparable to a dose of 12 millirem per

year (mrem/yr) above background.

The RSA is currently the sole focus of this SAP. EE/CA field activities will be dictated by the
RSA results; therefore, those activities cannot be fully described at this time. The SAP will be
amended at a later date to include EE/CA activities prior to their initiation. This SAP is a

dynamic document that may be amended as required by site conditions.
1.2 PROJECT TEAM

The Project Manager, David Bordelon, will be responsible for the overall management of the
project. The Project Team Leader (PTL), Robert Sherman, will be responsible for implementing
field activities as described in the Task Order Work Plan. The Project Health Physicist, Robert
Schoenfelder, Certified Health Physicist (CHP), will ensure that data generated are of known
quality sufficient to support the intended decisions and that the quality of the data is
communicated to the project decision-makers. The Quality Assurance Officer (QAO), Jan
Cristner, P.E., is responsible for implementing project quality procedures for all site activities.
The Field Health Physicist and Field Safety Officer (FSO), Sam Cheek, will manage the field

laboratory.

The PTL will be responsible for the technical quality of work performed in the field during the
site activities and will serve as the START-3 liaison to EPA Region 6 in the field. The PTL,
with the concurrence of EPA, will direct START-3 in conducting work in accordance with the
Work Plan. The CHP will work remotely and will consult with on-site staff as needed. The
START-3 FSO will be responsible for providing overall site health and safety support.
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2. SITE BACKGROUND

2.1 SITE LOCATION AND DESCRIPTION

The Region 6 Tronox NAUM Area comprises approximately 100 square miles within the
Ambrosia Lake Sub-District (ALSD) in McKinley County, New Mexico. The ALSD is located
within the Grants Mining District (GMD), which is an area of uranium mineralization occurrence
approximately 100 miles long and 25 miles wide encompassing portions of McKinley, Cibola,
Sandoval, and Bernalillo counties of New Mexico. Main access into the Region 6 Tronox
NAUM Area is provided via New Mexico State Roads 605 and 509. The Site is located in the
ALSD, McKinley County, New Mexico approximately 25 miles northwest of Grants, and 3.5
miles northwest of the intersection of New Mexico State Highways 509 and 605. It is composed
of two former underground uranium mines that are located in Sections 35 and 36, T14N, ROW
that have been identified as eligible for abatement activities subject to the Tronox NAUM

settlement.
2.2 SITE HISTORY

In April 2014, the United States (U.S.) and the Anadarko Litigation Trust (“Litigation Trust”)
entered into a proposed settlement agreement with Anadarko Petroleum Corporation and some of
its affiliates. The settlement was approved by the U.S. District Court in January 2015, and the
U.S. Environmental Protection Agency (EPA) is expected to receive funding from the Litigation
Trust for the assessment and subsequent cleanup of over 50 Tronox Navajo Area Abandoned
Uranium Mines (Tronox NAUM) sites located in both an EPA Region 6 jurisdictional area and

an EPA Region 9 jurisdictional area.

There are 22 legacy uranium mine operations that are eligible for Litigation Trust funding use in
the Region 6 Tronox NAUM Area. All of these mines have gone through some form of closure
operations and removal of operational surface features. Most of these mines were operated as
wet mines, where the underground workings were dewatered and the collected mine water
discharged to nearby surface drainage features such as creeks and arroyos. Little environmental

data currently exists on these mines in general or specifically regarding risks to the public health
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and/or the environment and/or any threat abatement actions that may be necessary. EPA Region
6 has been tasked to obtain the data required to evaluate the risks posed by these legacy mine

sites and conduct appropriate risk abatement activities.

The mines were developed and operated by Kerr McGee until 1984, when operational control
was turned over to Quivira Mining Company, which was a subsidiary of Kerr McGee. The mines
were sold/transferred to Rio Algom Mining Company in 1989. Rio Algom was acquired by BHP
in 2000, which has now merged with Billiton to form BHP-Billiton.

The Section 35 Mine was mined to a depth of 1,396 feet. It was operated from 1971-1985 on
land that was and is currently owned by the mining company. The uranium ore was produced
from the Westwater Canyon member of the Jurassic Age Morrison Formation. The mine
produced 2,500,000 tons of ore during its operational history. Similar to the Section 36 Mine,
this mine is also classified as a “wet mine.” While operational, the average discharge rate of
water from the mine was 1,000 gallons per minute (gpm). The water was largely untreated and
discharged to the surface water drainage features. As with the Section 36 Mine, the New Mexico
Department of Environment (NMED) approved the backfilling of mined out stopes in the
Section 35 Mine with uranium mill tailings sand as a preventative measure to prevent stope
and/or tunnel collapse to facilitate continued mining operations. The mill tailing sands were
transported from the adjacent uranium mill operated by the mining company. Uranium mill
tailings are known to contain elevated levels of radium-226 and associated progeny, and may
contain mill process chemicals. The Section 35 Mine is currently under a compliance
order/permit from both NMED and Minerals Management Division (MMD) of the New Mexico
Energy and Mineral Department.

The Section 36 Mine (aka Cliffside) was mined to a depth of 1,497 feet. It was operated from
1960-1984 under a mineral rights lease. The property that the mine resides on belongs to the
State of New Mexico Land Office. The uranium ore was produced from the Westwater Canyon
member of the Jurassic Age Morrison Formation. The mine produced 893,140 tons of uranium
ore during its operational history. This mine was a “wet mine,” and, while operational, the mine

had an average mine water discharge rate of 1,400 gpm. This water was largely untreated and
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discharged to the surface water drainage features. In addition to actively pumping water from the
mine, NMED approved the backfilling of mined out stopes with uranium mill tailings sand as a
preventative measure to prevent stope and/or tunnel collapse to facilitate continued mining
operations. The mill tailing sands were transported from the adjacent uranium mill operated by
the mining company. Uranium mill tailings are known to contain elevated levels of radium-226
and associated progeny and may contain mill process chemicals. The Section 36 Mine is
currently under a compliance order/permit from the NMED. The Mine was released from further

action by the Minerals Management Division MMD in 1999.

In 2011, as part of the EPA San Mateo Creek Basin assessment activities, the EPA ASPECT
platform (plane) conducted an aerial gamma screening survey of the ALSD, including the mines
that compose this Site. The ASPECT survey indicated high levels of gamma radiation on both of
the mine sites and also indicated that wastes from these mines have migrated off-site and onto
adjacent properties. Data obtained from recent surface soil gamma radiation surveys conducted
by Rio Algom through MMD verifies the off-site migration of the mine-related wastes from the
Section 35 and 36 Mines. Therefore, for the purposes of the NTCRS, the Site boundary will be
defined by the extent of contamination that can be directly linked to the mine waste sources
associated with the Section 35 Mine and the Section 36 Mine through contiguous surface
contamination or other methods and in consultation with the EPA Federal On-scene Coordinator

FOSC(s) (Task Order Manager [TOM]).
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3. FIELD INVESTIGATION ACTIVITIES

Field investigation activities that will be conducted during the RSA are discussed in the NTCRS
QASP (Appendix B). Specifically, gamma scanning and soil sampling procedures, risk
assessment and derivation of a removal action level, and the analytical approach that will be used
during the RSA are discussed. Relevant EPA guidance documents and Standard Operating
Procedures (SOPs) for field sampling methods are included in the QASP. Detailed quality
assurance (QA) information, including Data Quality Objectives, is presented in the site-specific
Quality Assurance Project Plan (QAPP) provided in Appendix A. The tentative schedule for the
completion of the NTCRS activities is included as Table 5-2 in the Work Plan.

3.1 OVERVIEW OF SCANNING/SAMPLING ACTIVITIES

The RSA approach will consist of scanning for gamma radiation using direct-reading instruments
and collecting samples of soil and other miscellanecous media for laboratory gamma

spectroscopic analysis.

Before the assessment begins, background areas will be identified and measured. A background
area is a non-impacted area representative of the properties to be assessed with similar physical,
biological, chemical, and radiological characteristics against which readings at residential sites
can be compared. Background areas will be selected by location, gamma radiation level, and
geological formation. To establish a background area, START-3 will collect soil samples to be
analyzed for Ra-226 and conduct stationary 1-minute gamma radiation count rate readings above
each sample location using a 2-inch by 2-inch sodium iodide detector (2x2 Nal). For statistical
modeling, a minimum of 20 samples and measurements will be collected for a background

location. Background locations will be as close as practical to the areas to be assessed.

The primary areas of concern will be the areas that are shown to have elevated readings on the
ASPECT aerial survey (Figure 3-1 of the QASP). Direct gamma scans will be conducted over
the area using hand-held instruments mounted on a Utility Terrain Vehicle (UTV), on a baby
buggy, or a backpack. The gamma scans will cover a percentage of the surface sufficient to

determine which areas are above the Derived Concentrated Guideline Level (DCGL). Further
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details are provided in the project QASP (Section 3.2.1). Additional one-minute stationary scaler
readings will be made at set locations. Soil samples will be collected for laboratory analysis.
The soil samples will be dried, homogenized, sieved, and analyzed in a field analytical
laboratory using a Multi-Channel Analyzer (MCA). Some soil samples will be sent to an off-site

analytical laboratory to confirm the field laboratory results.
3.2 OVERVIEW OF THE PROJECT QUALITY ASSURANCE PROGRAM

The quality objectives for this project are to collect samples and field information that are
technically sound and properly documented, and to validate and report data that are statistically
valid and of known precision and accuracy. The DQO process is a systematic approach for
defining the criteria that the data collection design should satisfy. The DQO process was
developed using the seven-step process set out in the Guidance for the Data Quality Objective

Process, EPA QA/RS.

The project organization provides an understanding of the roles and responsibilities that each
party assumes during the RSA portion of this project. START-3 will provide an independent
chain-of-command to the QAO to ensure that proper checks and balances are maintained during
the execution of this project. Any individual assigned to a quality assurance/quality control
(QA/QC) responsibility has this independent line of communication available to him/her.
Project QA/QC personnel have the authority to stop work if the QAPP requirements are not met.
The QAPP provides detailed methodology and specific responsibilities to ensure that data
collected during this project is gathered, processed, stored, and utilized in a manner that exceeds

the existing standards provided by the EPA, industry, and other State and Federal agencies.
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A PROJECT MANAGEMENT

Weston Solutions, Inc. (WESTON™), the Superfund Technical Assessment and Response Team
(START-3) contractor, has been tasked by the U.S. Environmental Protection Agency (EPA)
Region 6 under Contract No. EP-W-06-042, Task Order (TO) Number 0041 (Appendix A) to
conduct a Removal Site Assessment (RSA) and an Engineering Evaluation/Cost Analysis
(EE/CA) as part of Non-Time-Critical Removal Support (NTCRS) at the Sections 35/36
(Cliffside) Mines (Site) located in McKinley County, New Mexico. The Comprehensive
Environmental Response, Compensation, and Liability Information System (CERCLIS) number
assigned to the Site is NMNO000607481. As part of the EE/CA, START-3 has prepared this
Quality Assurance Project Plan (QAPP) to describe procedures that will be used to collect
samples and generate analytical data to support the EE/CA.

START-3 is responsible for the oversight and ultimate implementation of this QAPP. START-3
and any other contractors involved in the implementation of this QAPP will furnish the
personnel, materials, equipment, services, and facilities necessary to perform the NTCRS

activities. The oversight agency for these tasks is EPA Region 6.
Al PROJECT/TASK ORGANIZATION

START-3 will provide a team of fully trained personnel, including the multi-disciplinary
technical staff that shall provide the knowledge and expertise necessary to complete the required
tasks.  Additionally, START-3 will provide a management structure that supports and
compliments the technical team. START-3 will utilize a field laboratory located in the project

field office, as well as an off-site commercial laboratory for laboratory analysis.
Al.l Purpose and Background

This QAPP is based on the most recent EPA model QAPP format, EPA Requirement for Quality
Assurance Project Plan, EPA QA/R-5, (EPA, 2001), and presents current EPA methods for
analysis based on the CLP Statement of Work (SOW) for Multi-Media, Multi-Concentration
Organics Analysis (SOM01.2) (EPA, 5 October 2006, Updated 12 February 2007, amended 11
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April 2007) and Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-
846) Final Update IV, 3 January 2009.

Al.2 Roles and Responsibilities

The project organization provides an understanding of the roles and responsibilities that each
party assumes during the RSA portion of this project. START-3 shall provide an independent
chain-of-command to the Quality Assurance Officer (QAO) to ensure that proper checks and
balances are maintained during the execution of this project. Any individual assigned to a
quality assurance/quality control (QA/QC) responsibility has this independent line of
communication available to him/her. Project QA/QC personnel have the authority to stop work

if the QAPP requirements are not met.

Table A-1 depicts the associated personnel responsibility matrix. The QA/QC roles and

responsibilities of key project personnel are described in the following sections.
Al21 Project Manager

The Project Manager, David Bordelon, will ensure the overall management and quality of work
performed under this project. He will assure that all project goals and objectives are achieved in
a high-quality and timely manner. All QA/QC and nonconformance issues will be addressed by
Mr. Bordelon in coordination with the Project Team Leader (PTL) and the QAO for corrective

action.

Al2.2 Project Team Leader

The Project Team Leader (PTL), Robert Sherman, is responsible for planning, implementing,
monitoring, and controlling all work. The Project Team Leader is the single point of contact for
coordination with the EPA and will have, as a minimum, the following responsibilities:

e Maintain close communication and coordination with the EPA Task Order Managers
(TOMs), including reporting any and all problems encountered in conducting tasks
associated with the project.

e Provide personnel, equipment, and materials necessary to complete the project.

e Provide direction for field activities to measure gamma radiation.
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e Implement document control and chain-of-custody (COC) procedures utilizing SCRIBE
and Response Manager modules.

e Implement the site-specific health and safety plans and provide site safety supervision for
all on-site personnel, including subcontractor employees, if utilized.

e Take immediate corrective action when performance is not acceptable.

e Implement and manage the elements of this QAPP. Ensure that the performance of
assigned tasks adheres to all QA, QC, and COC procedures specified in the QA program
and project plans.

Al.2.3 Quality Assurance Officer

The Quality Assurance Officer (QAO), Ms. Jan Cristner, P.E., is responsible for implementing

project quality procedures for all site activities. Ms. Cristner has the following responsibilities:

e Participate in field project activity readiness reviews and inspections.

e Approve fieldwork variances before work continues.

e Perform audits as requested.

e Review and approve all nonconformance reports and corrective action reports.
e Approve and maintain the approved QAPP.

Al2.4 Project Health Physicist

The Project Health Physicist, Bob Schoenfelder, Certified Health Physicist (CHP), will ensure
that all data generated are of known quality sufficient to support the intended decisions and that
the quality of the data is communicated to the project decision-makers. Mr. Schoenfelder’s

responsibilities include the following:

e Develop and implement the QAPP.

e Maintain close communication with the EPA TOMs.

e Serve as the laboratory point of contact.

e Establish and monitor compliance with project Data Quality Objectives (DQOs).
e Review analytical data for compliance with project Data Quality Indicators.

e Notify the PTL and QAO of any data deficiencies and initiate any applicable
nonconformance reports.

e Conduct audits of laboratory procedures as appropriate.
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Al.25 Project Chemist

The Project Chemist, Jeff Wright, will manage the laboratory procurement and analytical data.

Mr. Wright’s responsibilities include the following:

e Implement QAPP requirements.
e Interface with the Project Health Physicist to verify that QA procedures are implemented.
e Verify that field laboratory procedures meet project QA requirements.

e Notify the Project Health Physicist and QAO of any data deficiencies and initiate any
applicable nonconformance reports.

Al.2.6 Problem Definition/Background

The site history and background information for the current project are detailed in the following

subsections.
Al.3 Definition of Problem

The Section 35 Mine and the Section 36 (Cliffside) Mine operated in the Ambrosia Lake
Subdistrict of the Grants Mining District from 1960-1985. The mines were “wet mines,” while
operational, and each mine had an average mine water discharge rate of over 1,000 gallons per
minute (gpm). This water was largely untreated and discharged to the surface water drainage
features. Additionally, contaminated soil and other materials were deposited on the surface due
to the mining practices of the period. These historical underground mining operations
contributed waste (uranium and other radionuclides) to the ground surface in the areas

surrounding the Section 35 and 36 Mines.

Al.4 Background

Site-specific background information can be found in the Sampling and Analysis Plan (SAP).
A2  PROJECT/TASK DESCRIPTION

START-3 is providing technical support to EPA Region 6 for the RSA and EE/CA. The
objectives of the project are to investigate the nature and extent of site-related radiological

contamination associated with the Sections 35 and 36 (Cliffside) mine sites, and to develop and
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evaluate the potential remedial alternatives for the site in accordance with Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA), and with the National Oil
and Hazardous Substances Pollution Contingency Plan (National Contingency Plan [NCP]).

This project RSA and EE/CA are designed to assess the nature and extent of contamination in
soil near and downgradient of the Sections 35 and 36 (Cliffside) Mines. Gamma scanning will
be conducted and soil samples will be collected from the mine sites and downgradient areas.
The data will be used to develop and evaluate potential remedial alternatives for the site. Field
tasks, sampling methods, maps, and plans are presented in detail in the Sampling and Analysis

Plan (SAP).
A2.1 Schedule

Field activities will commence on 13 July 2015. An estimated schedule of major work
breakdown structure (WBS) elements is provided as Table 5-2 in the Task Order 0041 Work
Plan.

A2.2 Site-specific Action Levels

The action level for the site is an exposure of 12 millirems per year (mrem/yr). START-3 will
use EPA’s Preliminary Remediation Goals (PRG) Calculator software to develop a site-specific
Derived Concentration Guideline Level (DCGL). Explanations of this derivation are provided in

the QASP.
A3  QUALITY OBJECTIVES AND CRITERIA

The quality objectives for this project are to collect samples and field information that are
technically sound and properly documented and to validate and report data that are statistically

valid and of known precision and accuracy.

The DQO process is a systematic approach for defining the criteria that the data collection design

should satisfy. The DQO process was developed using the seven-step process set out in the
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Guidance for the Data Quality Objective Process, EPA QA/RS. The DQOs for this project are
presented in Table A-2.

A4 SPECIAL TRAINING AND CERTIFICATION

START-3 personnel are provided with training that ensures that technical, operational, and
quality requirements are understood and met. In addition, a vigorous ongoing professional
development program is maintained to strengthen staff skills, to provide career development, and
to maintain staff retention. START-3 project staff receives training that includes, but is not
limited, to the following:

e Logbook Training - Logbook training for the maintenance of field equipment and

personal logbooks is presented to all employees upon initial employment and as refresher
training to ensure accurate and appropriate project documentation.

e Health and Safety Training - Health and safety training will be provided to ensure
compliance with Occupational Safety and Health Administration (OSHA), as established
in 29 CFR 1910.120. This training includes, but is not limited to, 40-hour OSHA
HAZWOPER training for new employees, 8-hour annual refresher OSHA training, 8-
hour supervisor training, cardiopulmonary resuscitation (CPR), first-aid training, blood-
borne pathogens training, and hazardous materials shipping training.

e Certifications - Team members are encouraged to attain and maintain certifications
required for conducting work within the START-3 Scope of Work (SOW).

e Radiation Training — Team members will be given specific training on ionizing radiation,
radiation safety, and the use of radiation field instruments.

e Conflict of Interest, Ethics, and Confidential Business Information Training - Team
members will participate in refresher training on reporting conflicts of interest and
maintaining confidentiality of project information.

All certificates and/or documentation that record completion of training will be maintained in

START-3 personnel files.
A5 DOCUMENTATION AND RECORDS

It is the responsibility of the START-3 QAO to ensure the appropriate project personnel have the
most current version of the QAPP, including all updates. As updates are made, the appropriate
number of controlled copies will be distributed to the persons listed on the Distribution List who

will in turn distribute copies to the appropriate field personnel.
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Overall project records will include the following: the Project QAPP, Standard Operating
Procedures (SOPs), and distribution lists for these documents; and copies of general in-house
records (such as any site-specific instrument calibration and preventive maintenance logs,
performance evaluation results [if any]; audit reports; and purchasing records and
documentation). The project team will also organize project-specific records in the site file, and
maintain these as per START-3 management system which is designed to collect, maintain, and
retrieve records. Project data and information will be tracked and managed from inception to the

final storage area.

The following documents provide the START-3 project team with directions for implementing
and fulfilling QA requirements for this project and are incorporated by reference as part of this
QAPP:

¢ Quality Assurance Management Plan (QMP) - The START-3 Contract No. EP-W-06-042

QMP provides overall corporate policy statements, procedures, and responsibilities to
implement quality throughout the corporation.

e Compendium of Environmental Response Team (ERT) Standard Operating Procedures -
SOPs provide a uniform approach to sampling, equipment use, and analytical procedures
that will be consistently employed by START-3 personnel.

Documents and records related to field operations that will be managed include, but are not
limited to, the following:
e Work Plan including the Sampling and Analysis Plan (SAP) (which includes this QAPP
and a QASP), and the Health and Safety Plan (HASP).

e Sample Collection Records (logbooks, field notes, data collection sheets,
COC records, custody seals, sample tags, phone conversation records, airbills, and
corrective action reports).

e Project Data Assessment Records (field sampling audit checklists, Performance
Evaluation [PE] samples results, data validation reports, phone conversation records, and
corrective action reports).

Logbooks are issued for all field and data collection projects and assignments. All logbooks are
currently tracked by the PTL. The logbooks become part of the site file when the project is

closed out and are stored with the completed site files.
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Logbooks may be assigned to each piece of equipment such as air monitoring instruments and
field screening instruments for recording calibration information and are treated similar to field

logbooks. The START-3 Project Team Leader will manage all calibration records.

The QAO will maintain an audit filing system with the contents organized into categories that
are event-specific (i.e., logbook) and task-specific (i.e., administrative, health and safety, and
field audits). Each file should contain items as they pertain to a specific audit event, including
dated checklists that were used to execute the audit; a copy of the audit report; verification and

acknowledgment of corrective action, if any; and the QAO audit closure statement.

All electronic files of documentation are stored on a secure server and backed up as outlined in

Weston’s QMP.
A5.1 Data Handling Records

Data handling records document protocols used in data reduction, verification, and validation.
Data verification ensures the accuracy of the data transcription and calculation, if necessary, by
checking a set of computer calculations manually. Data validation ensures that QC criteria have
been met and data are appropriately qualified. Data validation reports will be available in hard

copy and electronically in PDF format.
A5.2 Field Records/Data Reporting Archiving and Retrieval

Documents and records generated as part of this project will be maintained by START-3 in
document archives for the remaining period of the START-3 contract. At the termination of the
START-3 contract, WESTON will transfer the document files to the EPA archives as directed by
EPA Region 6.
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Table A-1

Key Personnel and Responsibilities

ORGANIZATION

NAME (TITLE)

RESPONSIBILITIES

EPA Region 6 Warren Zehner and Jon Primary Contact for the project and responsible for all
Rinehart activities performed for the project, including
Task Order Managers management of START-3 and other contracts.
START-3 David Bordelon Responsible for all activities performed by START-3

Project Manager

including coordinating project activities with the
START-3 Project Team Leader (PTL), preparing and
reviewing reports and correspondence submitted to
EPA, and attending project meetings.

Robert Sherman
Project Team Leader

Responsible for directing activities performed by
START-3 and assumes total control over project
activities. Specific responsibilities include
communicating with the EPA, coordinating activities
with appropriate support personnel, implementing
health and safety criteria, preparing and reviewing
reports and correspondence submitted to EPA, and
attending project meetings.

Jan Cristner P.E.

Quality Assurance
Officer

Responsible for reviewing project plans, submittals,
and documents produced by START-3. Specifically,
she will ensure START-3 submittals, plans, and
documents comply with industry and START-3
standards; conduct audits; and prepare corrective
action memorandums. The QAO is responsible for
making sure project personnel have initial QAPP
training and follow-up training as needed.

Bob Schoenfelder, CHP
Project Health Physicist

Responsible for development and implementation of
QAPP and assurance that all data generated are of
known quality to support ordered decisions.
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Table A-2
Data Quality Objectives

STEP 1. STATE THE PROBLEM

Historical underground mining operations contributed waste (uranium and other metals/radionuclides) to the surface in

the area of the Section 35and 36 (Cliffside) Mines.

STEP 2. IDENTIFY THE DECISION

Is the Total Effective Dose Equivalent (TEDE) greater than 12 mRem/yr for people living or working on the site?

IDENTIFY THE ALTERNATIVE ACTIONS THAT
MAY BE TAKEN BASED ON THE DECISIONS.

If the TEDE is greater than 12 mrem/yr within an area on
the site, a removal action will be implemented.

If the TEDE is less than 12 mrem/yr but some small
areas of elevated radioactivity are present, a removal
action may be conducted to reduce risk.

If the TEDE is less than 12 mrem/yr and no areas of
elevated radioactivity are present, a No Further Action
Required decision will be applied.

STEP 3. IDENTIFY INPUTS TO THE DECISION

IDENTIFY THE INFORMATIONAL INPUTS
NEEDED TO RESOLVE A DECISION.

Calculate the TEDE on the site using the site-specific
Protocol (Protocol) provided as an attachment to the
QASP.

Identify the background TEDE.

IDENTIFY THE SOURCES FOR EACH
INFORMATIONAL INPUT AND LIST THE
INPUTS THAT ARE OBTAINED THROUGH
ENVIRONMENTAL MEASUREMENTS.

Measure gamma radiation directly above the ground
surface according to procedures outlined in the Protocol.

Collect soil samples and measure the radionuclide
activity (in picoCuries per gram).

Determine the projected land use for the site.

BASIS FOR THE CONTAMINANT-SPECIFIC
ACTION LEVELS.

The TEDE of 12 mRem/yr is from an increased cancer risk as
stated in OSWER 9200-4-18.

IDENTIFY POTENTIAL SAMPLING
TECHNIQUES AND APPROPRIATE
ANALYTICAL METHODS.

Dynamic and stationary gamma surveys as described in
the project QASP.

Collect surface and subsurface soil samples as described
in the project QASP. The samples will be analyzed by
gamma spectroscopy as described in the project QASP.

STEP 4. DEFINE THE BOUNDARIES OF THE STUDY

DEFINE THE DOMAIN OR GEOGRAPHIC AREA
WITHIN WHICH ALL DECISIONS MUST APPLY.

The Section 35 and 36 (Cliffside) Mines as well as areas
downgradient in Section 2.

SPECIFY THE CHARACTERISTICS THAT
DEFINE THE POPULATION OF INTEREST.

The area was affected by uranium mining activities at the
Section 35 and 36 (Cliffside) Mines. Populations of interest
are ranchers, hikers, hunters, and other recreational users.
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Table A-2
Data Quality Objectives
(Continued)

STEP 4. DEFINE THE BOUNDARIES OF THE STUDY (CONTINUED)

DEFINE THE SCALE OF DECISION MAKING.

Results of the gamma scanning and soil analytical results will
be used to determine areas that require a Non-Time-Critical
Removal Action.

DETERMINE THE TIME FRAME TO WHICH THE
DATA APPLY.

The data will apply until there is a change in regulations
regarding radiation exposure or until a removal action alters
the TEDE.

DETERMINE WHEN TO COLLECT DATA.

Gamma radiation scanning and soil sample collection will
take place beginning in July 2015.

IDENTIFY PRACTICAL CONSTRAINTS ON
DATA COLLECTION.

e Inclement weather.
e Access not attainable.

e Surface conditions subsurface

collection.

preventing sample

STEP 5. DEVELOP A DECISION RULE

SPECIFY THE PARAMETER THAT
CHARACTERIZES THE POPULATION OF
INTEREST.

The measured gamma radiation readings and soil sample
analytical results at each location will be compared to the
site-specific action levels.

SPECIFY THE ACTION LEVEL FOR THE
DECISION.

e The Action Level for TEDE is 12 mRem/yr.

e A DCGL will be calculated to determine a specific soil
action level.

DEVELOP A DECISION RULE.

If the TEDE in an area exceeds 12 mrem/yr, or if the DCGL
is exceeded, that area will be eligible for a removal action.

STEP 6. SPECIFY LIMITS ON DECISION ERRORS

DETERMINE THE POSSIBLE RANGE OF THE
PARAMETER OF INTEREST.

Activity and exposure rates can range from background
concentrations to more than the DCGLs. Readings are not
expected to be greater than 100 mR/hr or 1,000,000 counts
per minute (cpm).
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Table A-2
Data Quality Objectives
(Continued)

STEP 6. SPECIFY LIMITS ON DECISION ERRORS (CONTINUED)

DEFINE BOTH TYPES OF DECISION ERRORS
AND IDENTIFY THE POTENTIAL
CONSEQUENCES OF EACH.

Type I Error: Deciding that the specified area represented by
the field reading or sample does not exceed the site-specific
action level when, in truth, the concentration of the
contaminant exceeds its site-specific action level. The
consequence of this decision error is that contaminated soil or
building materials will remain in place, possibly endangering
human health and the environment. This decision error is
more severe.

Type II Error: Deciding that the specified area represented
by the field reading or sample does exceed the site-specific
action level when, in truth, it does not. The consequences of
this decision error are that remediation of the specified area
will continue and unnecessary costs will be incurred.

ESTABLISH THE TRUE STATE OF NATURE FOR
EACH DECISION RULE.

The true state of nature when the soils are decided to be
below the site-specific action levels when in fact, they are not
below the specified assessment levels, is that the area does
need remedial action.

The true state of nature when the soils are decided to be
above the site-specific action levels when in fact, they are not
above the site-specific-action levels, is that the area does not
need remedial action.

DEFINE THE TRUE STATE OF NATURE FOR
THE MORE SEVERE DECISION ERROR AS THE
BASELINE CONDITION OR THE NULL
HYPOTHESIS (H,) AND DEFINE THE TRUE
STATE FOR THE LESS SEVERE DECISION
ERROR AS THE ALTERNATIVE HYPOTHESIS

(Ha).

H,: The material represented by the field reading or sample of
the specified area is above the site-specific action level.
H,: The material represented by the field reading or sample of
the specified area is below the site-specific action level.

ASSIGN THE TERMS “FALSE POSITIVE” AND
“FALSE NEGATIVE” TO THE PROPER DECISION
ERRORS.

False Positive Error = Type I

False Negative Error = Type 11

ASSIGN PROBABILITY VALUES TO POINTS
ABOVE AND BELOW THE ACTION LEVEL
THAT REFLECT THE ACCEPTABLE
PROBABILITY FOR THE OCCURRENCES OF
DECISION ERRORS.

To be assigned based on discussions with EPA Task Order
Manager(s).
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Table A-2
Data Quality Objectives
(Continued)

STEP 7. OPTIMIZE THE DESIGN

REVIEW THE DQOs. Due to insufficient historical data, determination of the
standard deviation was not possible. Therefore, sample size
calculation using the traditional statistical formula may not
be the optimal design. To select the optimal sampling
program that satisfies the DQOs and is the most resource
effective, other elements were considered.

DEVELOP GENERAL SAMPLING AND ANALYSIS DESIGN.

e Gamma screening will be conducted using 2x2 Nal detectors in systematic patterns to screen.

Background soil samples will be collected from undisturbed areas defined by the TOMs and WESTON’s CHP.

Analytical testing will be conducted in a field laboratory using an MCA to measure radionuclide activity.

10% of samples analyzed in the field laboratory will be submitted to a commercial laboratory for confirmation
analysis.

Surface and subsurface soil samples will be collected from both contaminated and uncontaminated areas.
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B DATA GENERATION AND ACQUISITION

Section B addresses the activities performed to acquire data. The subsections of this part discuss
sampling design, sampling methodology, sampling documentation, analytical testing, quality

control, and data management.
Bl SAMPLING PROCESS DESIGN

This section of the QAPP describes the sampling system in terms of what media will be sampled,
where the samples and the number of samples will be taken, and sampling design rationale. The
QASP provides specific methodologies and instructions to the field teams regarding sample
collection and analysis. The QASP is provided as Appendix B to the Sampling and Analysis
Plan (SAP). Any modifications to the project QASP and the reason for the modification will be
documented in writing to the EPA TOMs.

B2 NONDIRECT MEASUREMENTS

Data from non-direct measurements as described in Guidance from Quality Assurance Project
Plans, EPA QA/G-5 (EPA, 2002a), include, but are not limited to existing sampling and
analytical data and information from published literature. The site background portion of the
Task Order Work Plan summarizes this existing information that was used to develop the current
project plan. These include an Assessment completed by Rio Algom, a potentially responsible
party (PRP), and by the EPA Airborne Spectral Photometric Environmental Collection
Technology (ASPECT) airplane. These studies identified areas of concern, including down-
gradient areas potentially impacted by surface water runoff. The current project EE/CA

activities were designed based on the findings of these assessments,
B3  DIRECT READING INSTRUMENTS

Gamma radiation data will be collected from direct-reading instruments using a 2x2 sodium
iodide (Nal) detector. START-3 will perform calibration checks using radioactive check sources

on the instruments at the beginning of the day and at the end of the day. Instruments that do not
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measure within the specifications established by the Project Health Physicist will be removed

from service until they can be repaired.

B4 SAMPLING METHODS

This section addresses the field sampling methods to be followed. The project QASP discusses
the types of samples to be collected. START-3 will use dedicated and non-dedicated sampling
equipment to collect field samples. Dedicated equipment will be disposed after sampling. All
non-dedicated equipment involved in field sampling activities will be decontaminated prior to
and subsequent to sampling. Decontamination of sampling equipment will be kept to a
minimum in the field and, wherever possible, dedicated sampling equipment will be used.

Decontamination will be accomplished using procedures detailed in the project SAP and HASP.

Surface soil samples will be collected using dedicated disposable plastic scoops, and subsurface
soils will be collected using a Geoprobeg or, alternately, using slam bar sampling methods. Soil
samples that are collected via Geoprober and slam bar will come in contact with a disposable

acetate sleeve.
B4.1 Sample Containers

The soil samples collected as part of this project will be placed in certified clean glassware
and/or Marinelli jars. Each box of certified clean glassware includes a certificate documenting
cleanliness. The certificates for each bottle lot will be collected and maintained in the site file.
Sample labels displaying the sample number will be affixed to sample containers. After
sampling, each container will be sealed with a custody seal, and a sample tag will be attached to

each container.
B4.2 Sample Volumes, Container Types, Preservation Requirements, and Hold Times

Approximately one half liter of soil will be required for each analysis. The soil sample will be
placed in a resealable plastic bag. The samples will be dried, sieved, milled, and placed in sealed
Marinelli jars. Soil samples do not need chemical preservation nor do they need to be put on ice.

There are no hold times associated with the soil samples for gamma spectroscopy analysis.

TASK ORDER NO. 0041
SECTIONS 35/36 QAPP.DOC B-2 CERCLIS ID: NMN000607481



Quality Assurance Project Plan, Non-Time Critical Removal Support Work Plan, for Tronox Navajo Area Uranium Mine,
McKinley County, New Mexico

BS SAMPLE HANDLING AND CUSTODY

Information regarding field and laboratory sample handling and custody procedures are

discussed in the following subsections.

B5.1 Field Sample Handling and Custody

Sample custody is maintained when a sample is in a secure area or in view of, or under the
control of, a particular individual. Personnel responsible for maintaining sample custody will be

identified in the project SAP.

Chain-of-custody records will be prepared to accompany samples from the time of collection and
throughout the shipping and analytical process. Each individual in possession of the samples
will sign and date the sample chain-of-custody document. The field chain-of-custody record will

be considered completed upon receipt at the laboratory.

A chain-of-custody record will be maintained from the time the sample is taken to its final
deposition. Every transfer of custody must be noted and signed for, and a copy of this record
kept in the site file. When samples (or groups of samples) are not under direct control of the
individual responsible for them, they must be stored in a locked container sealed with a custody
seal. Specific information regarding custody of the samples projected to be collected on the

weekend will be noted in the field logbook.
B5.2 Laboratory Sample Handling and Custody

At the laboratory, the person responsible for receiving the sample cooler will sign and date the
chain-of-custody form; verify that custody seals are intact on shipping containers and sample
bottles; and compare samples received against those listed on the chain-of-custody form and
sample tags. The laboratory will maintain internal chain-of-custody documentation and sample

receipt documents, and place the samples in the appropriate laboratory storage.
B6  ANALYTICAL METHODS

Soil samples will be analyzed for radium-226 (Ra-226) using gamma spectroscopy using a

Multi-Channel Analyzer (MCA) at the field laboratory. START-3 will place the samples into
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sealed jars and wait for a 21-day grown-in period before analyzing. Soil samples custody sealed
and stored within a locked building during the grown-in period. The grown-in period will allow

the Ra-226 to equilibrate with bismuth-214 (Bi-214). The MCA will analyze Bi-214.
B7 QUALITY CONTROL REQUIREMENTS

The following subsections identify the typical QC procedures required for field sampling and for

the analytical methods described later in this section of this document.
B7.1 Field MCA QC Procedures

START-3 will use the MCA to analyze a blank and two standards at the beginning and end of
each day the instrument is utilized. Additionally, every 10" sample run will be analyzed twice.
If the blank, standards, or duplicates are not within two sigma of the proper value designated
within the MCA field operating procedure document, the Project Health Physicist will be
consulted to investigate the deviance. START-3 will cease all MCA analysis until the deviance

is corrected and all QA/QC requirements are met.
B7.2 Off-site Laboratory Analysis

Ten percent of the samples collected and analyzed with the MCA in the field office will be sent

to an off-site radiological laboratory for confirmation analyses.
B7.3 Non-Dedicated Equipment

Whenever possible, dedicated sampling equipment will be used and discarded after a single
sample is collected. When non-dedicated equipment is used, it will be decontaminated between
samples. Decontamination will be verified by scanning the equipment with a pancake probe

radiation detector.
B7.4 Sample Duplicates

Environmental duplicates are collected to demonstrate the reproducibility of overall sampling

and analysis technique and the variability of the sample matrix. The blind field duplicate
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analysis is separate from the laboratory duplicate analysis. At a minimum, one blind field

duplicate sample pair will be collected per each matrix at a frequency of one per 10 samples.

B8 BACKGROUND SAMPLES

In order to assess any potential contamination on the site, background samples must be collected.
Twenty background samples will be collected to provide statistical significance. The
background samples will be collected from an area with similar geology, as close to the site as

practical, and at a location that is as undisturbed as possible.

B9 NON-DIRECT MEASUREMENTS

Previously collected data and other information that will be used to make project decisions will
be assessed to determine the limitations of the acquired data. Secondary sources of acquired data
and information include, but are not limited to, the following:

e Historical data (e.g., from organization’s/facility’s corporate records and/or federal/state

or local records pertaining to previous monitoring events, site assessments,
investigations, etc.).

e Background information/data from organization’s/facility’s corporate records and/or
federal/state/local records pertaining to site-specific industrial processes, process by-
products, past and current chemical uses, raw material and finished product testing, waste
testing and disposal practices, and potential chemical breakdown products.

e Data generated to verify innovative technologies and methods.

e Data generated from computer databases (such as manufacturers’ process/product
information, waste management, or effluent information).

e Environmental indicator data obtained from federal/state/local records.
e Computer models or algorithms.

e Literature files/searches.

e Publications.

e Photographs.

e Topographical maps.

If known, all QC procedures, checks and samples that were analyzed with the data set will be

listed. The method and/or laboratory-specific QC acceptance criteria used for data generation
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and whether the data was verified and validated will be noted. If data were verified and/or

validated, then the criteria and procedures used will be listed.
B10 DATA MANAGEMENT

Data management is the system by which data is reduced, reviewed, validated, reported,
distributed, and archived. This system is designed to meet the QA objectives for this project. As
part of the START-3 data management requirements, all documents will be completed legibly in
ink as well as by entry into field logbooks, Response Manager, or SCRIBE. Response Manager
is the Enterprise Data Collection System designed to provide near real-time access to data
normally collected in logbooks. Response Manager provides a standard data collection interface
for modules of data normally collected by START-3 field personnel while on-site. These
modules fall into two basic categories for response and removal. The modules include
Emergency Response, Reconnaissance, Facility Assessment, Shipping, Container, Materials,
Calls, Household Hazardous Waste (HHW), and General/Site-Specific Data. The system
provides users with a standard template for laptop/desktop/tablet PCs that will synchronize to the
secure web interface using merge replication technology to provide access to collected data via
the RRC-EDMS EPA Web Hub. Response Manager also includes an integrated GPS unit with
the secure PDA application, and the coordinates collected in Response Manager are
automatically mapped on the RRC-EDMS interactive mapping site. GIS personnel can access

this data to provide comprehensive site maps for decision making support.

Response Manager also includes an analytical module that is designed to give SCRIBE users the
ability to synchronize the SCRIBE field data to the RRC-EDMS Web Hub. This allows
analytical data managers and data validators access to data to perform reviews from anywhere
with an available Internet connection. The analytical module is designed to take the analytical
data management functionality of the EPA SCRIBE software and make it available for multiple
users to access on one site. Response Manager also supports EPA standards such as ANSETS
and SEDD and will allow users to connect to the database using the SCRIBE desktop interface,
thus providing normal SCRIBE desktop-like functionality for multiple users.

All electronic files are stored on a secure server and backed up regularly.
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B10.1 Field Documentation

The following field documentation will be maintained as described below.

Field Logbook

The field logbook is a descriptive notebook detailing site activities and observations so that an
accurate, factual account of field procedures may be reconstructed. Each individual will sign any

entry he/she makes. Entries will include, at a minimum, the following:

¢ Site name and project number.

e Names of on-site personnel.

e Dates and times of all entries.

e Description of all site activities, including site entry and exit times.
e Noteworthy events and discussions.

e Weather conditions.

e Site observations.

¢ Identification and description of samples and locations.

e Global Positioning System (GPS) Latitude and Longitude coordinates for sample
locations

e Subcontractor information and names of on-site personnel.

e Dates and times of sample collections and chain —of-custody information.
e Records of photographs.

e Site sketches.

Sample Labels

Sample labels will be securely affixed to the sample container. The labels will clearly identify

the particular sample and will include the following information:

e Site name and project number.

e Date and time the sample was collected.

e Sampling location.

e Sample preservation method, if applicable.
e Analysis requested.
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A chain of custody will be maintained from the time of sample collection until final deposition.
Every transfer of custody will be noted and signed for and a copy each record will be kept by the

signing individual.

Custody Seal

Custody seals demonstrate that a sample container has not been tampered with or opened. The
individual who has custody of the samples will sign and date the seal and affix it to the container

in such a manner that it cannot be opened without breaking the seal.

Photographic Documentation

START-3 team members will take photographs to document site conditions and activities as
work progresses. Initial conditions should be well documented by photographing features that
define the site-related contamination or special working conditions. Representative photographs
should be taken of each type of site activity. The photographs should show typical operations
and operating conditions as well as special situations and conditions that may arise during site
activities. Site final conditions should also be documented as a record of how the site appeared

at completion of the work.

All photographs should be taken with a camera capable of recording the date on the image. Each
photograph will be recorded in Response Manager with the location of the photographer,
direction the photograph was taken, the subject of the photograph, and its significance (i.e., why
the picture was taken). Where appropriate, the photograph location, direction, and subject will

also be shown on a site sketch and recorded within Response Manager.
B10.2 Data Storage/Retrieval

Storage and retrieval procedures for electronic and hardcopy data generated for the project will
be approved by the START-3 Quality Assurance Officer (QAQO). Data will be reviewed by the
START-3 QAO or his/her designee before inclusion in any report, or before any critical site
decisions are made. Project documents will be maintained by START-3 in the site file and may

be retrieved upon request.
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C ASSESSMENT AND OVERSIGHT

Part C provides guidance to assess the effectiveness of the project’s implementation of QA/QC

activities. This assessment will help verify the QAPP is being implemented as prescribed.
Cl  ASSESSMENT AND RESPONSE ACTIONS

The following subsections describe the assessments and corresponding response actions for

sampling activities.
C1.1 Audits and Surveillances

Audits shall be conducted periodically to assess conformance to the Work Plan and QAPP. Any
changes and deviations from the QAPP during field activities will be documented in a
memorandum addressed to the EPA TOM. Corrective action procedures will be implemented
when deviations from the QAPP that could potentially impact data quality and/or usability are
noted by project personnel outside the formal assessment process. Any such incidents will be
documented and resolved using the procedures and personnel that were detailed for planned

assessments.

Audits are of two specific types: (1) project audits and (2) field audits. These audits will be

performed on an as-needed basis.
Cl11 Project Audits

Project audits will be conducted to evaluate the quality, completeness, and timeliness of
individual project task assignments. All nonconformance issues will be brought to the attention
of the Project Manager. These audits are conducted by the QAO or his/her trained
representative. The audit reports and corrective actions are sent to the START-3 Project

Manager and Project Team Leader.
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Cl1.1.2 Field Audits

Field audits will be conducted to ensure START-3 field personnel are adhering to proper
sampling, administrative, and health and safety SOPs. Field audit considerations should include
sample documentation; sampling plan adherence; equipment operation, maintenance, and
calibration; proper handling of standards, calibration gases, and preservatives; sampling
techniques; decontamination; data management and review; sample custody; packing and
shipment procedures; and health and safety practices. Field audits will be conducted by the
QAO or PTL on a random basis and in response to reports or findings of poor performance or
noncompliance with the QAPP, SOPs, or sound engineering practices. The associated reports

and corrective actions are sent to the START-3 Project Manager and EPA TOM, as appropriate.
C1.2 Corrective Actions

Corrective actions are required whenever a deficiency or inadequacy in the field and/or in the
laboratory operations is identified. Corrective action may be required due to malfunctioning
equipment systems and instruments, or equipment systems and instruments that fail calibration
or generate data that exceed stated acceptance limits. Nonconformances to SOPs and site-
specific QAPPs will also result in corrective action if they have a negative impact on data
quality, usability, or established detection limits. It is the responsibility of the START-3 Project
Manager to assure that corrective action be initiated as soon as possible. Nonconformance and
corrective actions will be documented in the site file memorandum with correspondence to the

QAO and the appropriate START-3 personnel if equipment malfunction is observed.
C2 REPORTS TO MANAGEMENT

In order to ensure that corporate and project management is periodically updated on the project
status and results of QA assessments, QA Management reports will be prepared by the START-3
QAO, as needed. Project management shall be updated with any modifications to the QAPP.
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C3 FINAL REPORT

The final report will be prepared to summarize the project RSA and EE/CA project activities and

objectives. The final report will include the following information:

e Project quality objectives, narrative, and time line of project activities.
e Summary of field activities conducted.
e Data summary including tables, charts, graphs.

e Data gaps, assessment results, engineering evaluations, and cost analyses.
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D DATAVALIDATION AND USABILITY

Analytical data will be generated by the START-3 field laboratory and the off-site commercial
analytical laboratory. START-3 will validate the radioanalytical data of both the field laboratory
and the off-site commercial laboratory by having each data set reviewed by a professional health
physicist. A summary of the data validation and findings will be presented in the Site Summary
Report as part of the final report. START-3 will evaluate the following to verify that the
radioanalytical data are within acceptable QA/QC tolerances:

e The completeness of the Laboratory Reports, verifying that all required components of

the report are present and that the samples indicated on the accompanying chain-of-
custody are addressed in the report.

e The results of laboratory blank analyses.

e Compound identification and quantification accuracy relative to expected isotopic ratios
for uranium and its decay products.

e Laboratory precision, through review of the results for the blanks, standards, and blind
field duplicates.

Variances from the QA/QC objectives will be addressed as part of the Data Validation Summary
Reports.
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1. INTRODUCTION

Weston Solutions, Inc. (WESTON®™), the Superfund Technical Assessment and Response Team
(START-3) contractor, has been tasked by the U.S. Environmental Protection Agency (EPA)
Region 6 under Contract No. EP-W-06-042, Task Order (TO) Number 0041 to conduct a
Removal Site Assessment (RSA) and an Engineering Evaluation/Cost Analysis (EE/CA) as part
of the Non-Time-Critical Removal Support (NTCRS) at the Sections 35/36 (Cliffside) Mines
(Site) located in McKinley County, New Mexico. The Comprehensive Environmental Response,
Compensation, and Liability Information System (CERCLIS) number assigned to the Site is
NMNO000607481.

START-3 has prepared this Quality Assurance Sampling Plan (QASP) to describe the technical
scope of work (SOW) to be completed as part of the NTCRS. Only the RSA activities, however,
as outlined in Work Breakdown Structures (WSBs) 3-8 of the NTCRS Work Plan, are being
addressed currently in this document. The QASP will be amended at a later date to include all
EE/CA activities (WBSs 3, 5-12 of the NTCRS Work Plan) prior to their initiation. A document
outlining the protocols, to determine the applicable radiological threat abatement action criteria
for abandoned uranium mine (AUM) sites on this project, has been developed and provided as
Appendix A. This QASP is a dynamic document that may be amended as required by site

conditions.

START-3 is responsible for the oversight and ultimate implementation of this QASP. START-3
and any other contractors involved in the implementation of this QASP will furnish the
personnel, materials, equipment, services, and facilities necessary to perform the NTCRS

activities. The oversight agency for these activities is EPA Region 6.
1.1 PROJECT OBJECTIVES

START-3 is providing technical assistance to EPA Region 6 for the performance of the NTCRS
and will collect the data necessary to support the EPA determination of whether or not the site
presents a threat to public health or welfare of the United States or the environment in
accordance with 40 Code of Federal Regulations (CFR) 300.415. The objectives of the RSA are

to take readings using direct-reading radiation instruments and to collect soil samples to
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determine if identified site-related contaminants are present on the properties sampled. The
objectives will be achieved by evaluating field and laboratory analytical results obtained during
field activities. Direct reading instruments and soil samples are to be used to ascertain Radium-
226 concentrations for comparison to a risk-based action level of 3x10™*, which is established by

EPA to be comparable to a dose of 12 millirem per year (mrem/yr) above background.
1.2 PROJECT TEAM

The Project Manager, David Bordelon, will be responsible for the overall management of the
project. The Project Team Leader, Robert Sherman, will be responsible for implementing field
activities as described in the Task Order Work Plan. The Project Health Physicist, Robert
Schoenfelder, Certified Health Physicist (CHP) will ensure that data generated are of known
quality sufficient to support the intended decisions and that the quality of the data is
communicated to the project decision-makers. The Quality Assurance Officer (QAO), Ms. Jan
Cristner, P.E., is responsible for implementing project quality procedures for all site activities.
The Field Health Physicist and Field Safety Officer (FSO), Sam Cheek, will manage the field
laboratory.

The PTL will be responsible for the technical quality of work performed in the field during the
site activities and will serve as the START-3 liaison to EPA Region 6 in the field. The PTL,
with the concurrence of EPA, will direct START-3 in conducting work in accordance with the
Work Plan. The Certified Health Physicist (CHP) will work remotely and will consult with on-
site staff as needed. The START-3 FSO will be responsible for providing overall site health and
safety support.

1.3 QASP FORMAT

This QASP has been organized in a format that is intended to facilitate and effectively meet the

objective of the removal assessment. The QASP is organized as follows:

e Section 1 — Introduction

e Section 2 — Site Background

e Section 3 — Sampling Approach and Procedures
e Section 4 — Analytical Methods
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e Section 5 — Data Validation

e Section 6 — Quality Assurance

Figures are provided as separate portable document format (pdf) files. Appendices include the
following information:
e Appendix A Protocol for Assessment of Tronox Abandoned Uranium Mine
Sites
e Appendix B EPA ERT and WESTON Standard Operating Procedures
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2. SITE BACKGROUND

Information regarding the site location, description, and site history are included in the following

subsections.
2.1 SITE LOCATION AND DESCRIPTION

The Region 6 Tronox NAUM Area comprises approximately 100 square miles within the
Ambrosia Lake Sub-District (ALSD) in McKinley County, New Mexico. The ALSD is located
within the Grants Mining District (GMD), which is an area of uranium mineralization occurrence
approximately 100 miles long and 25 miles wide encompassing portions of McKinley, Cibola,
Sandoval, and Bernalillo counties of New Mexico. Main access into the Region 6 Tronox
NAUM Area is provided via New Mexico State Roads 605 and 509 (Figure 2-1). The Site is
located in the ALSD, McKinley County, New Mexico approximately 25 miles northwest of
Grants, and 3.5 miles northwest of the intersection of New Mexico State Highways 509 and 605.
It is composed of two former underground uranium mines that are located in Sections 35 and 36,
T14N, ROW that have been identified as eligible for abatement activities subject to the Tronox
NAUM settlement.

For the purposes of the NTCRS, the Site boundary will be defined by the extent of contamination
that can be directly linked to the mine waste sources associated with the Section 35 Mine and the
Section 36 Mine through contiguous surface contamination or other methods and in consultation

with the EPA Federal On-scene Coordinator FOSC(s) (Task Order Manager(s) [TOM]).
2.2 SITEHISTORY

In April 2014, the United States (U.S.) and the Anadarko Litigation Trust (“Litigation Trust’)
entered into a proposed settlement agreement with Anadarko Petroleum Corporation and some of
its affiliates. The settlement was approved by the U.S. District Court in January 2015, and the
U.S. Environmental Protection Agency (EPA) is expected to receive funding from the Litigation
Trust for the assessment and subsequent cleanup of over 50 Tronox Navajo Area Abandoned
Uranium Mines (Tronox NAUM) sites located in both an EPA Region 6 jurisdictional area and

an EPA Region 9 jurisdictional area.
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A detailed site history is included in the Task Order Work Plan and Sampling and Analysis Plan.
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3. SAMPLING APPROACH AND PROCEDURES

This section addresses sampling and scanning activities to be conducted during the RSA. This
section will be amended to include the EE/CA sampling and other data acquisition activities at a
later date, prior to their initiation. The scanning and sampling procedures for the RSA will be
consistent with the protocols developed by EPA Region 6, provided as Appendix A of this
QASP. The specific field investigation activities that will be conducted during site sampling are
presented in the following subsections. Sampling procedures and sample locations are also

included.
3.1 OVERVIEW OF SCANNING/ SAMPLING ACTIVITIES

The RSA approach will consist of scanning for gamma radiation using direct-reading instruments
and collecting samples of soil and other miscellaneous media for laboratory gamma

spectroscopic analysis.

The primary areas of concern will be the areas that are shown to have elevated readings on the
ASPECT aerial survey (Figure 3-1). Direct gamma scans will be conducted over the area using
hand-held instruments mounted on a Utility Terrain Vehicle (UTV), on a baby buggy, or a
backpack. The gamma scans will cover a percentage of the surface sufficient to determine which
areas are above the Derived Concentrated Guideline Level (DCGL) (see Section 3.2.1).
Additional one-minute stationary scaler readings will be made at set locations. Soil samples will
be collected for laboratory analysis. The soil samples will be dried, homogenized, sieved, and
analyzed in a field analytical laboratory using a Multi-Channel Analyzer (MCA). Ten percent of
the soil samples will be sent to an off-site analytical laboratory to confirm the field laboratory

results.

Sample data management will be conducted using EPA Scribe Environmental Sampling Data

Management System (SCRIBE) software.
3.1.1 Data Quality Obijectives

The objective of the sampling activities described in this QASP is to delineate the contaminants

of concern within the assessment areas. To accomplish this, data quality objectives (DQOs) have
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been established using the seven-step process set out in the Guidance for Quality Assurance
Project Plans EPA QA/GS5. The DQOs can be found in the Quality Assurance Project Plan
(QAPP), provided as Appendix A of the Sampling and Analysis Plan (SAP).

3.1.2 Field Activities Review Meeting

Prior to mobilizing to the site, the START-3 PTL will conduct a meeting via conference call
with the entire field team to familiarize the team with the project scope of work, to discuss the
planned field activities and roles and responsibilities, and to review the project Health and Safety
Plan (HASP) and other relevant START-3 and EPA operating procedures. This meeting will be
conducted prior to any site activities. The field team will also be briefed on the project budget

and expense reporting responsibilities.
3.1.3 Health and Safety Implementation

The RSA field activities will be conducted in accordance with the site-specific Health and Safety
Plan (HASP). START-3 will conduct all site activities in Level D personal protective equipment
(PPE) as stated in the site HASP. The FSO will be responsible for implementation of the HASP
during the removal assessment activities. In accordance with the START-3 general health and
safety operating procedures, START-3 personnel will drive the route to the hospital (site-

specified in the HASP) prior to initiating sampling activities.
3.1.4 Mobilization and Field Office Establishment

The START-3 field team will mobilize the equipment required for the removal assessment from
the WESTON Regional Equipment Store (RES) warehouses located in Houston and Dallas,
Texas, as necessary. A field office will be located in the town of Grants, New Mexico to be used
as a base of operations and to meet with the public. An additional field office/outreach center

will be established at the intersection of NM Hwy 605 and NM Hwy 509.
3.1.5 Access to Properties

The US EPA will obtain access agreements before the START-3 field team conducts work at the
site. Property owners include BHP Billiton and the State of New Mexico Land Office.
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3.2 SAMPLING/MONITORING APPROACH

This project will address the radiological toxicity of uranium and its daughter elements. Sections
3.2.1 through 3.2.5 outline the screening and sampling procedures that will be used to investigate

radiological contamination.
3.2.1 Calculating the DCGL

As outlined in the Protocol for Assessment of Tronox Abandoned Uranium Sites (Protocol)
(Appendix A), the action levels for this project will be based on risk. The action level will be
based on an excess cancer risk of 3x10™ which represents a dose of 12 millirem per year

(mrem/yr) above background.

The DCGL for soil for the Sections 35/36 (Cliffside) mines will be calculated using specific site
conditions and future land use. It is anticipated that the future land use would be limited to
hunting and grazing and that residential use of the property would be forbidden. Details on the
derivation of DCGLs are provided in the Protocol document (Appendix A).

3.2.2 Defining Background

Before the assessment begins, background areas will be identified and measured. A background
area is a non-impacted area representative of the properties to be assessed with similar physical,
biological, chemical, and radiological characteristics against which readings at residential sites
can be compared. Background areas will be selected by location, gamma radiation level, and
geological formation. To establish a background area, START-3 will collect soil samples to be
analyzed for Ra-226 and conduct stationary 1-minute gamma radiation count rate readings above
each sample location using a 2-inch by 2-inch sodium iodide detector (2x2 Nal). For statistical
modeling, a minimum of 20 samples and measurements will be collected for a background

location. Background locations will be as close as practical to the areas to be assessed.
3.2.3 Surface Soil Scanning

START-3 will conduct both mobile and stationary gamma radiation scanning throughout the

mine area. Most of the areas shown to be elevated during the ASPECT aerial survey has been
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assessed and documented by the current mine operator. START-3 will conduct scanning (10-
20% of the ground surface previously surveyed) to confirm the data gathered by the current mine

operator, as well as scanning areas that have no known radiation survey data.
3.2.3.1 Mobile Gamma Radiation Scanning

START-3 will conduct gamma radiation scanning throughout the mine area using a 2x2 Nal
detector in conjunction with a Global Positioning System (GPS) unit. START-3 will use a
variety of tools to make the readings, including a detector mounted on a baby buggy, an array of
detectors mounted to a UTV, and a detector being hand-carried with associated electronics in a
backpack. The specific tool used will depend on the terrain, vegetation, and other factors. In all
cases, the detector will be held 15 inches above the surface soil. The cart will be pushed on
transects at approximately 1 to 3 feet per second. Debris, vegetation, structures, or other objects

will not be moved, and the survey will be conducted around such obstacles.

In general, the purpose of the mobile gamma radiation screening is to determine which areas of
the site will require remediation. If an area is shown to be contaminated above the DCGL and
will require remediation, further scanning may not be needed. Most areas of the site with
elevated readings on the ASPECT aerial survey were scanned by the current operator. START-3
will conduct confirmation scanning of 10-20% of the area scanned by the current operator.
Based on the ASPECT aerial survey, the areas that were not scanned by the current operator are

not expected to be contaminated above the DCGL.

The site will be divided into Class 1 areas, Class 2 areas, and Class 3 areas. Definitions of Class
1, 2, and 3 survey areas are provided in the Protocol document (Appendix A). The areas shown
to be elevated in the ASPECT aerial survey will be Class 1 areas and Class 2 areas. These areas
will be scanned with 1020 % coverage. The areas that were not scanned by the current operator

will be Class 3 areas and will receive 10 % coverage.

3.2.3.2 Stationary Gamma Radiation Screening

START-3 will conduct stationary gamma radiation screening throughout the mine area.

Stationary gamma radiation measurements provide statistically significant data and can lower the
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detection limits of the meter. The number and spacing of stationary gamma readings to be
collected will be calculated according to Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM) guidelines. Details of the calculations for the number of stationary readings
are provided in Sections 3.3 and 3.4 of Appendix 3 of the Protocol document. The stationary
readings will be made for 1 minute with the 2x2 Nal detector 15 inches above ground level. The

locations of the 1-minute readings will be documented using the GPS unit.
3.2.4 Soil Sampling

Soil samples will be collected to provide laboratory verification of field gamma scan readings.
In Class 2 and 3 areas, soil samples will be collected according to MARSSIM guidelines to
verify that no remediation is needed. In Class 1 areas, very few soil samples will be collected as
these areas by definition will be eligible for removal actions. After the removal action, soil

samples will be collected to satisfy MARSSIM guidelines.

The soil samples will be collected from the top 6 inches of soil in Class 2 and 3 areas. In Class 1

areas depth samples will be collected as needed to determine the depth of the contamination.

The soil samples will be collected in general accordance with EPA/Emergency Response Team
(ERT) Standard Operating Procedures (SOPs) (Appendix B). Relevant observations and
information will be recorded in the field logbook. Samples will be collected utilizing dedicated
plastic scoops to reduce the potential for cross-contamination between intervals and locations.
The samples will be placed into quart-size or larger plastic bags and then homogenized. Foreign
material such as vegetation, large rocks and pebbles, etc. will be removed from the sample and

placed back on the property.

Soil samples will be dried and sieved at the field offices. Samples will be analyzed for Radium-
226 by gamma spectrometry using a Multi-Channel Analyzer (MCA) at the field offices. Ten

percent of the analyzed samples will be sent to an off-site laboratory for confirmation analysis.

At the direction of EPA, soil sampling for chemical toxicity of uranium will not be conducted.
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3.2.5 Radiological Data Interpretation

As noted previously, the site will be divided into Class 1 areas, Class 2 areas, and Class 3 areas.
In general, Class 1 areas are contaminated such that the risk for workers would be above 3x10™
and these areas are to be remediated during the Non-Time-Critical Removal Action. Class 2 and
Class 3 areas would be not require remediation. START-3 will conduct the appropriate
statistical tests described in the Protocol document (Appendix A) to verify that exposure in the
Class 2 and Class 3 areas would not be above the acceptable risk. Calculations comparing the

site data to the acceptable risk criterion will be reviewed by the project CHP.
3.2.6 Investigation-Derived Wastes

Attempts will be made to minimize investigation-derived waste (IDW) during this investigation
by utilizing disposable sampling equipment. Any IDW generated will be handled in accordance
with EPA Guidance Document EPA/540/G-91/009, OERR Directive 9345.3-02, Management of

Investigation-Derived Wastes during Site Inspections.

After sampling, surface soil sample cuttings will be returned to the hole from which they were
generated. START-3 anticipates generating minimal amounts of decontamination water since a
majority of the sampling equipment used will be disposable. Disposable sampling equipment,
acetate liners, and used PPE will be placed in marked 55-gallon drums and disposed of during

the removal assessment operation.
3.2.7 Sampling and Sample Handling Procedures

Samples will be collected using equipment and procedures appropriate to the matrix, parameters,
and sampling objectives. The volume of the sample collected must be sufficient to perform the
analyses requested. Samples must be stored in the proper types of containers and preserved in a

manner for the analyses to be performed.

All clean decontaminated sampling equipment and sample containers will be maintained in a
clean, segregated area. All samples will be collected with clean decontaminated equipment. All
samples collected for laboratory analysis will be placed directly into pre-cleaned, unused glass or
plastic containers. Sampling personnel will change gloves between each sample
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collection/handling. All samples will be assembled and catalogued prior to shipping to the
designated laboratory.

Sampling preservation, containers, and hold times for analytical methods associated with this site

are presented in Subsection 3.5.
3.2.8 Quality Assurance/Quality Control Samples

START-3 will collect field duplicate and MS/MSD samples of soil and prepare equipment

rinsate blank samples as needed during the removal assessment sampling activities. QA/QC
samples will be collected according to the following dictates:

¢ Blind field duplicate soil samples will be collected during sampling activities at locations

selected by the START-3 PTL. The data obtained from these samples will be used to

assist in the quality assurance of the sampling procedures and laboratory analytical data

by allowing an evaluation of reproducibility of results. Efforts will be made to collect

duplicate samples in locations where there is visual evidence of contamination or where

contamination is suspected. Blind field duplicate samples will be collected at the rate of
1 duplicate for every 10 samples collected.

e MS/MSD soil samples will be collected during sampling activities at locations selected
by the START-3 PTL. The data obtained from these samples will be used to assist in the
quality assurance of the sampling procedures and laboratory analytical data by allowing
an evaluation of reproducibility of results. Efforts will be made to collect MS/MSD
samples in locations where there is visual evidence of contamination or where
contamination is suspected. MS/MSD samples will be collected at the rate of one
MS/MSD sample for every 20 samples collected.

3.3 SAMPLE MANAGEMENT

Specific nomenclature that will be used by START-3 will provide a consistent means of
facilitating the sampling and overall data management for the project as defined in WESTON
SOPs. Any deviations from the sample nomenclature proposed below must be approved by the

EPA and the project DM. The nomenclature consists of the following format:

Project ID- Section -Sequential Sample Location - Sample Type+ QC Type — Date.

The Project ID is a unique identifier used to designate the particular physical location where the
sample was collected. The section number is typically the mine number or the section number

where the sample is located. The Sequential Sample Location is the sequential number of the
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sample location at a given property (i.e., 01 is the first sample location taken at a property; 02 is
the second sample location taken at a property). The Section ID and Sequential Sample Location

make up the Location for SCRIBE use.

The Sample Type is a one-digit code used to designate what type of sample was collected as

shown below:

Background

Ludlum “1 minute”

Laboratory Radiation “Hot Spot”
Open

Open

Open

Open

Open

Open

Nol [o o) ENE Fo RO, | SNy JUSH (O 3

The QC Type is a one-digit code used to designate the QC type of the sample as shown below:

1 Normal

2 | Duplicate

3 Rinsate Blank
4 | Open

5 | Open

6 | Open

The date must be in the format YYMMDD.

Sequence is an additional parameter used to further differentiate samples (e.g., if two samples

were taken from the same sample area on the same day).

Sample data management will be completed utilizing the EPA-provided SCRIBE software
provided by EPA.

3.4 DECONTAMINATION

The nondisposable sampling equipment such as soil samplers and hand trowels used during the

sample collection process will be thoroughly decontaminated before initial use, between use, and
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at the end of the field investigation. Equipment decontamination will be completed in the

following steps:

e Water spray or brush, if needed, to remove soil/sediment from the equipment.

e Nonphosphate detergent and potable water wash to clean the equipment.

¢ Final potable water rinse.

e Air-dried equipment.
Personnel decontamination procedures are described in the site-specific HASP.  All
decontamination activities will be conducted at a temporary decontamination pad that will be

constructed in an area to be determined by the PTL prior to the beginning of field activities.

Excess soil and fluids generated as a result of equipment decontamination will be placed in a
drum and staged in an area to be determined by the PTL. The drum will be labelled on the side

with the name of the site, the contents, sampling location, and date.
3.5 SAMPLE PRESERVATION, CONTAINERS, AND HOLD TIMES

Soil samples will be collected in plastic jars of at least 16-ounce capacity. Once collected,
samples will be dried, homogenized, and sieved. Samples designated for gamma spectrometry
analysis do not require maintenance of a specific temperature range and do not have a holding
time limit. Chain-of-custody forms will be completed for each sample shipment and sent with

the samples to the designated laboratory by overnight carrier.
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4. ANALYTICAL METHODS

START-3 will analyze soil samples by gamma spectroscopy in a field laboratory using a multi-
channel analyzer (MCA). Ten percent of the samples will also be sent to an off-site analytical

laboratory for verification analysis.
4.1 SAMPLE PREPARATION

Soil samples collected by START-3 will be prepared before analysis in the field laboratory. The
samples will be dried, sieved, milled, and homogenized at the sample preparation area in the

Field Office. The samples will be placed into Marinelli jars and sealed for analysis.
4.2 FIELD LABORATORY RADIOLOGICAL ANALYSIS

After soil samples have been prepared and placed in sealed Marinelli jars, they will be held for a
minimum of 21 days to allow isotopes to “grow in” to equilibrium. After 21 days, the sealed
Marinelli jar will be placed onto the 2x2 inch sodium iodide (Nal) detector and scanned by an
MCA for 10 minutes. The MCA will measure the Bismuth-214 (Bi-214) peak. The Bi-214 will

be in equilibrium with Ra-226 and will thus have equal activities.
4.3 OFF-SITE LABORATORY RADIOLOGICAL ANALYSIS

Ten percent of samples will be sent to a qualified off-site commercial laboratory for gamma
spectroscopy analysis. The samples will be sent in sealed Marinelli jars, so that the laboratory

will not have to prepare the sample or hold the sample for the 21-day grow-in time.
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5. DATAVALIDATION

START-3 will validate the radioanalytical data by having each data set reviewed by a certified
health physicist. A summary of the data validation and findings will be presented to a TOM in a
Summary Report prior to submittal of the final report. START-3 will evaluate the following to
verify that the radioanalytical data are within acceptable quality assurance/quality control
(QA/QC) tolerances:

e The completeness of the Laboratory Reports, verifying that all required components of

the report are present and that the samples indicated on the accompanying
chain-of-custody are addressed in the report.

e The results of laboratory blank analyses.
e The results of laboratory control sample (LCS) analyses.
e The results of MS/MSD analyses.

e Compound identification and quantification accuracy relative to expected isotopic ratios
for uranium and its decay products.

e Laboratory precision, through review of the results for blind field duplicates.

Variances from the QA/QC objectives will be addressed as part of the Data Validation Summary
Reports.
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6. QUALITY ASSURANCE

Quality assurance (QA) will be conducted in accordance with the WESTON Corporate Quality
Management Manual, dated March 2014 and the EPA Quality Assurance/Quality Control
Guidance for Removal Activities, dated April 1990. The START-3 QAO will be assigned and
will monitor work conducted throughout the entire project including reviewing interim report
deliverables and field audits. The START-3 PTL will be responsible for QA/QC of the field
investigation activities. The designated off-site laboratory utilized during the investigation will
be responsible for QA/QC related to the analytical work. START-3 will also collect blind,
duplicate samples to verify that laboratory QA/QC is consistent with the required standards and

to validate the laboratory data received.
6.1 SAMPLE CUSTODY PROCEDURES

Because of the evidentiary nature of sample collection, the possession of samples must be
traceable from the time the samples are collected until they are introduced as evidence in legal
proceedings. After sample collection and identification, samples will be maintained under chain-
of-custody (COC) procedures. If the sample collected is to be split (laboratory QC), the sample
will be allocated into similar sample containers. Sample labels completed with the same
information as that on the original sample container will be attached to each of the split samples.
All personnel required to package and ship coolers containing potentially hazardous material will

be trained accordingly.

START-3 personnel will prepare and complete chain-of-custody forms using the Scribe
Environmental Sampling Data Management System (SCRIBE) for all samples sent to a
START-3 designated off-site laboratory. The chain-of-custody procedures are documented and
will be made available to all personnel involved with the sampling. A typical chain-of-custody
record will be completed each time a sample or group of samples is prepared for shipment to the
laboratory. The record will repeat the information on each sample label and will serve as
documentation of handling during shipment. A copy of this record will remain with the shipped
samples at all times, and another copy will be retained by the member of the sampling team who

originally relinquished the samples. At the completion of the project, the data manager will
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export the SCRIBE chain-of-custody documentation to the Analytical Service Tracking System
(ANSETS) database.

Samples relinquished to the participating laboratories will be subject to the following procedures

for transfer of custody and shipment:

Samples will be accompanied by the COC record. When transferring possession of
samples, the individuals relinquishing and receiving the samples will sign, date, and note
the time of the sample transfer on the record. This record provides verification of the
integrity of the samples and ensures samples are not tampered with or altered prior to
receipt by the laboratory.

Samples will be properly packed for shipment and dispatched to the appropriate
laboratory for analysis with separate, signed custody records enclosed in each sample box
or cooler. Sample shipping containers will be custody-sealed for shipment to the
laboratory. The preferred procedure includes use of a custody seal wrapped across
filament tape that is wrapped around the package at least twice. The custody seal will
then be folded over and stuck to seal to ensure that the only access to the package is by
cutting the filament tape or breaking the seal to unwrap the tape.

If sent by common carrier, a bill of lading or airbill will be used. Bill of lading and airbill
receipts will be retained in the project file as part of the permanent documentation of
sample shipping and transfer.

SOPs 1101.01 and 1102.01 describe these procedures in more detail.

6.2 PROJECT DOCUMENTATION

Documentation is discussed in Section B10 and the final report in Section C of the QAPP.
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1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA) Region 6 Superfund Technical Assessment
and Response Team (START-3) contractor, Weston Solutions, Inc. (WESTONg), was tasked by
EPA Region 6 Prevention and Response Branch (EPA-PRB) under Contract Number EP-W-06-
042, TDD No. 1/WESTON-042-14-027 to conduct assessments of former uranium mines in the
Ambrosia Lake subdistrict of the Grants Mineral Belt. START-3 was specifically tasked to
develop a protocol for the assessment of radioactive contamination at the former mines using

existing radiation guidelines, risk analysis procedures, and exposure models.

The Ambrosia Lake subdistrict of the Grants Mineral Belt is located in McKinley County in
northwestern New Mexico, near the town of Grants. This area was the site of extensive uranium
mining from 1950 until the early 1980s. During this time the economy of the region changed
from agriculture to uranium mining and uranium ore processing. Most uranium mining activities

stopped in the recession of 1982-1983.

In 2007, EPA Region 9 began a project in coordination with the Navajo Nation to investigate
residences on the Navajo Indian Reservation located in parts of Arizona, New Mexico and Utah
for radioactive contamination caused by the legacy of uranium mining on the reservation. In
2009, EPA Region 6 initiated a similar project to investigate radioactive contamination in
residences near uranium mining and ore processing areas outside of the Navajo Reservation in
the Grants Mineral Belt area of northwestern New Mexico. These areas included non-Navajo
lands adjacent to the eastern boundary of the Navajo Reservation with public and/or private
ownership, privately-owned lands, and lands owned by the Laguna and Acoma Pueblos. In 2015
EPA Region 6 began a project to investigate radioactive contamination at former uranium mines
in the Ambrosia Lake subdistrict of the Grants Mineral Belt. This document outlines an

approach for this investigation, using established EPA guidelines and documents.

1.1 PROJECT OBJECTIVES

The purpose of this document is to provide a protocol for determining the most appropriate and
applicable radiological threat abatement action criteria for abandoned uranium mine (AUM)
sites. As a framework for evaluating the criteria that are calculated using this protocol, this

document lists relevant federal and state regulations and summarizes radiological threat
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abatement action criteria that have been used on past and current uranium mine or mill
remediation projects in the southwestern United States. The protocol established in this
document describes the calculations and tools needed to develop radiological threat abatement
levels that take into account the unique characteristics of each uranium mine site. It was

developed to comply with the following specific guidelines:

1. Provide a process for determining health risk-based radiological threat abatement criteria
at AUM sites that is consistent with CERCLA guidance as applied to contaminated sites,
regardless of the type of contamination (hazardous chemicals or radioactive).

2. Identify and apply the health risk goal that is designed for sites contaminated with
radioactive materials, which is not to exceed 3x10™.

3. Identify, utilize, and compare results from appropriate computer models and tools
currently available for calculating acceptable radionuclide concentrations in soil, and
consistently apply those tools to determine criteria for selected sets of site conditions
(scenarios) at AUM sites.

It is important to note that no single residual contamination criterion can be identified for use at
these sites because there exists no applicable regulation (state, federal, or local) that establishes
such a value, and risk-based criteria are determined using scenarios that account for reasonably
expected uses of the site following remediation and site-specific input parameters for the
computer models. This document applies the CERCLA risk-based evaluation process using U.S.
EPA-developed tools and models to evaluate and provide abatement action criteria for several
scenarios that may reasonably be encountered at AUM sites in the southwestern U.S. The
process described and used in this document should be similarly applied for any site that does not

reasonably fit into one of the established scenarios.

Additionally, Appendix 3 provides survey methods using the best available science to conduct
the assessment. These survey methods have been designed to maximize the use of field or in-
situ data, and to minimize the use of sampling which requires the reliance on laboratory analysis.
However, field measurements require laboratory verification; therefore laboratory analysis

should be utilized when it is determined to be more advantageous to the project.
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2. REVIEW OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

2.1 INTRODUCTION

Because U.S. laws do not classify uranium mine waste rock as a radioactive waste, its placement
in radioactive waste disposal facilities is not required. The Atomic Energy Act does not require
controls on uranium mining and neither the Nuclear Regulatory Commission (NRC) nor the
Department of Energy (DOE) regulate the disposal of conventional (open pit and underground)
mining wastes. These wastes are classified as Technologically Enhanced Naturally Occurring
Radioactive Material (TENORM). TENORM is defined as naturally occurring radioactive
materials that have been concentrated or exposed to the accessible environment as a result of
human activities. When a material is called TENORM, it means that the radiological, physical,
and chemical properties of the radioactive material have been altered by having been processed

or disturbed in a way that increases the potential for human and/or environmental exposures.

While none of the federal or state regulations specify acceptable radionuclide concentrations in
soil at legacy uranium mining facilities, numerous regulations and standards have been
promulgated to address radiological threat abatement standards for soils at other types of sites.
The following sections provide a synopsis of the existing federal and state standards and
regulations related to uranium mines, soil contamination, and radiation that may serve as

potential Applicable or Relevant and Appropriate Requirements (ARARsS).

2.2 ENVIRONMENTAL PROTECTION AGENCY REGULATIONS

U.S. Environmental Protection Agency (EPA) has authority, under a variety of legal statutes, to
protect the public and the environment from exposures to both the hazardous and toxic
characteristics of wastes classified as TENORM. These EPA regulations include the Clean Water
Act, the Clean Air Act, the Safe Drinking Water Act, the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), and the Uranium Mill Tailings
Radiation Control Act (UMTRCA). While soil contamination at legacy uranium mines can result
in having an uncontrolled release of radioactive material from the site, and therefore can result in
issues related to the Clean Air Act and the Clean Water Act, this review will solely focus on

those applicable EPA regulations which address soil contamination. This review will also be
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limited to radioactive contaminants at mine sites, although chemical contaminants may also be

present.

2.2.1 Standards for Uranium and Thorium Mill Tailings

The EPA regulations most commonly cited as potentially relevant to be soil contamination
standards at uranium mine sites are promulgated in 40 CFR Part 192, entitled "Health and
Environmental Protection Standards for Uranium and Thorium Mill Tailings." While this is
logical since the primary contaminant in both uranium ore and mill tailings is radium-226 (Ra-
226), waste rock piles or ore stock piles at abandoned or active uranium mines are not subject to
this regulation since these materials have not been milled. The regulation was developed
specifically to address uranium mill tailings at 24 sites designated under Section 102(a)(1) of
UMTRCA (Title I sites). The purpose of these standards was to limit the risk from inhalation of
radon decay products in houses built on land contaminated with tailings, and to limit gamma

radiation exposure of people using contaminated land. The list of 24 Title I sites is a closed set

chosen in 1979 that cannot be appended.

The UMTRCA standards specify that the concentration of Ra-226 in land averaged over an area
of 100 m? shall not exceed 5.0 picocuries per gram (pCi/g) above background in the top 15 cm,
and 15 pCi/g in subsequent 15 cm layers. The concentration criterion for surface soil (5 pCi/g of
Ra-226) is a health-based standard assuming a residential use scenario. The relevant source of
health risk for surface soil is exposure to gamma radiation, which is the basis for this standard.
Since legacy uranium mine sites are not thought to be commonly present in residential areas, this
regulation may not be exactly applicable to this review of regulations pertinent to uranium

mine waste.

The concentration criterion for subsurface soil of 15 pCi/g of Ra-226 is not a health-based
standard, but rather was developed to allow the use of field measurements rather than laboratory
analyses to determine when buried tailings had been detected. As cited in EPA Directive
9200.4-25, the 15 pCi/g subsurface criteria is a tool for use in locating discrete spots of high
activity in subsurface locations. If extensive subsurface contamination exists, the use of the
15 pCi/g standard is not appropriate and 5 pCi/g is recommended as the suitable level for

subsurface contamination.
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The UMTRCA standard further stipulates that in any occupied or habitable building the
objective of any remedial action should be to achieve an annual average radon concentration
(including background) not to exceed 0.02 working level (WL), and that gamma radiation levels

should not exceed 20 microRoentgens per hour (LR/hr) above background.

2.2.2 CERCLA (Superfund)

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA;
otherwise known as Superfund) may apply to abandoned uranium mines whenever there has
been an uncontrolled release or suspected release of hazardous substances. Oftentimes the lack of
viable human health exposure pathways precludes the inclusion of existing mine sites on the
National Priority List (NPL). If a uranium mine is on the NPL, the CERCLA process must be
followed. However, similar to the EPA regulations described above in Section 2.2.1 above, the
CERCLA process may not specifically apply to existing uranium mining operations that are not

listed on the NPL.

In June, 2014, the EPA published new guidance in the form of OSWER 9285.6-20, “Radiation
Risk Assessment at CERCLA Sites: Q&A”. This document is intended to provide guidance for
EPA staff on how to conduct a risk assessment for radiologically contaminated CERCLA sites.
However, in the introductory remarks, the document clarifies that it is not a regulation, nor can it

impose legally binding requirements.

The EPA previously issued guidance entitled “Establishment of Cleanup Levels for CERCLA
Sites with Radioactive Contamination” (OSWER No. 9200.4-18, August 22, 1997). This 1997
guidance provided clarification on establishing protective cleanup levels for radioactive
contamination at CERCLA sites. The guidance reiterated that radionuclide abatement actions are
governed by the risk range for all carcinogens established in the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) when Applicable or Relevant and Appropriate
Requirements (ARARSs) are not available or are not sufficiently protective. The guidance states
that radiological threat abatement actions generally should achieve a level of risk within the 10™

to 10°° carcinogenic risk range based on the reasonable maximum exposure for an individual.

The EPA also previously issued “Radiation Risk Assessment at CERCLA Sites: Q&A”
(OSWER No. 9200.4-31P, December 1999). The 1999 Risk Q&A provided an overview of the
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then current EPA guidance for risk assessment and related topics for radioactively contaminated

CERCLA sites.

OSWER 9285.6-20 updates the 1999 version of the Risk Q&A by summarizing and citing
guidance that was developed after the 1999 version. While the 2014 guidance addresses many
areas and issues, it most significantly describes OSWER’s position that radiological threat
abatement criteria be risk-based, consistent with EPA policy for other carcinogens, and not dose-
based. It states that dose assessment used as a method to assess risk is not recommended as a

way of ensuring human health protection at CERCLA remedial sites.

The EPA defines an increased cancer risk range of 10 to 10 to be an acceptable risk criterion
for the radionuclides of concern. While the upper end of the risk range is not a discrete line at 1 x
10, EPA generally uses 10™ in making risk management decisions, and 10 is considered a
concentration where additional assessment is warranted. For example, Preliminary Remediation
Goals (PRG) are generally defined at a risk of 10, and are not de facto cleanup levels. PRG
concentrations are indicative of areas that do not require further federal attention. Removal
Action Levels (RAL) are generally based on 1x10™ risk and are used to define areas that warrant
a time-critical removal action. Radiological threat abatement levels are calculated for the 10™ to
107 risk range based on specific site conditions and contaminants. The EPA has a substantial
history of accepting a RAL for radionuclides that is protective to a 3x10™ risk level, which in
prior OSWER guidance was considered equivalent to a dose of 15 millirem per year (mrem/y)
above background. The 2014 OSWER guidance states that the 3x10™ risk level is substantively

equivalent to 12 mrem/y.

Per the 2014 OSWER guidance, risks from radionuclide exposures at Superfund remedial sites
should be estimated in a manner analogous to that used for chemical contaminants. The estimates
of intake by inhalation and ingestion and the external exposure over the period of exposure
estimated for the land use (e.g., 30 years residential, 25 years commercial/industrial) from the
exposure assessment should be coupled with the appropriate slope factors for each radionuclide
and exposure pathway. Only excess cancer risk should be considered for radionuclides. When

calculating radiological threat abatement levels, the total incremental lifetime cancer risk
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attributed to radiation exposure is estimated as the sum of the risks from all radionuclides in all

exposure pathways.

2.2.3 Phosphate Mine Waste

Phosphate ore used primarily in fertilizer contains uranium-238 (U-238) and its decay products
at concentrations ranging from 7 to 100 pCi/g, and the fertilizer derived from this ore contains
from 5 to 33 pCi/g of Ra-226. The processing waste byproduct phosphogypsum also contains
elevated concentrations of these isotopes at concentrations ranging from 12 to 35 pCi/g, and is
considered TENORM by the EPA. While there are no federal or state regulations related to
cleanup standards for these contaminants, EPA regulations in 40 CFR 61 subpart R state that
phosphogypsum intended for agricultural use must have a Ra-226 concentration no greater than

10 pCi/g.

2.3 NUCLEAR REGULATORY COMMISSION REGULATIONS

It is important to note that these regulations only apply to radioactive material at sites and
facilities licensed by the NRC. Since operating and legacy mines are not licensed facilities, the
uranium ore and waste rock TENORM encountered thereon is not regulated by the NRC.
However, some NRC regulations that relate specifically to protection of the general public from
radiation can provide relevant guidance. NRC regulations which can provide this guidance are
promulgated in 10 CFR 20: “Standards for protection against radiation,” 10 CFR 40: “Domestic
licensing of source material,” and 10 CFR 61: “Licensing requirements for land disposal of

radioactive waste.”

2.3.1 Standards for Protection from Radiation Exposure

In 1999, the NRC promulgated the license termination rule which provided guidance on cleanup
standards for licensed facilities. The regulation contained in 10 CFR 20.1402 states that a site
will be acceptable for unrestricted use if residual radioactivity that is distinguishable above
background results in a Total Effective Dose Equivalent (TEDE) to an average member of the
critical group not to exceed 25 mrem per year, and residual radioactivity is reduced to levels that
are As Low as Reasonably Achievable (ALARA). This standard also specifies that this
requirement does not apply to uranium recovery facilities already subject to Appendix A to 10

CFR 40 which is described in section 2.3.2 below.
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In 2002 the NRC and EPA entered in a Memorandum of Understanding (MOU), which the EPA
published as OSWER 9295.8-06a. This MOU states that EPA will defer its authority under
CERCLA for the majority of sites decommissioned under NRC authority, provided certain
conditions. The document lists soil concentration trigger levels for 37 common radioisotopes,
above which requires consultation between the NRC and EPA. The majority of trigger level
concentrations were based on a PRG calculation program assuming a risk of 1x10™, however the
Ra-226 trigger level was based on the UMTRCA regulations. The following table provides the

trigger levels for radioisotopes of interest to legacy uranium mine remediation.

Table 2-1. NRC Uranium Mine CERCLA Action Levels

Residential Use pCilg Industrial Use pCi/g
U-238+D * 74 179
Ra-226 +D 5 5
Pb-210 +D 15 123

* +D indicates the decay products of the indicated isotope are included

2.3.2 Domestic Licensing of Source Material

The oversight of uranium and thorium mills is covered in these NRC regulations which include
guidance on cleanup standards to be applied during site reclamation. The cleanup standards are
described in Criterion 6(6) to Appendix A of 10 CFR 40. These cleanup regulations are similar
to the UMTRCA standards cited earlier, but contain a modification unique to uranium ore and
waste rock. The regulation contains the standard requirement of a Ra-226 maximum
concentration of 5 pCi/g in the top 15 cm averaged over 100 m% and 15 pCi/g maximum
concentration in subsequent 15 cm layers. The unique modification to these criteria is if the soil
has radionuclide contaminants other than Ra-226 and daughters (like U-238), there is an
additional requirement. In the case of uranium ore, to demonstrate compliance with the
reclamation criteria, the licensee must calculate using site specific parameters the TEDE
resulting from the 5 and 15 pCi/g criteria for Ra-226, which is designated the “Benchmark
Dose”. The revised soil concentration criteria is then calculated to be the concentration of the
entire U-238 decay chain which results in a dose equivalent (excluding radon) equal to the TEDE

from the “Benchmark Dose” alone. Any residual contamination on abandoned structures is
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included in the calculation of the TEDE. The revised soil concentration criteria will obviously be

less than the 5 pCi/g and 15 pCi/g criteria.

These criteria are potentially applicable when considered with EPA guidance contained in
Directive 9200.4-35P. This Directive explains in more detail the application of this benchmark
approach and concludes that if the majority of the radiological risk posed by the contaminants of
concern at the site in the soil and structures are U-238, U-234, Ra-226, Th-230, Th-232, and Ra-
228, then the Criterion 6(6) benchmark dose limit is a “potentially relevant and appropriate

requirement for those contaminants.”

2.3.3 Licensing Requirements for Land Disposal of Radioactive Waste

10 CFR 61.41 comprises the performance objective for the protection of the general population
from releases of radioactivity that originates from land disposal of radioactive waste including
waste from uranium mill operations: “Concentrations of radioactive materials which may be
released to the general environment in ground water, surface water, air, soil, plants, or animals
must not result in an annual dose exceeding an equivalent of 25 mrem to the whole body, 75
mrem to the thyroid, and 25 mrem to any other organ of any member of the public. Reasonable
effort should be made to maintain releases of radioactivity in effluents to the general
environment as low as is reasonably achievable.” These criteria are similar to those contained in

the NRC’s license termination rule.

2.4 BUREAU OF LAND MANAGEMENT REGULATIONS

According to a recent draft document by the New Mexico Energy Minerals and Natural
Resources Department (NMEMNRD), the U.S. Bureau of Land Management (BLM) has been
using radiation guidance since the late 1970s for the reclamation of uranium mines on BLM and
Indian Lands in New Mexico. The guidance utilizes the NRC standard of 100 mrem/yr above

3

background for access to “unrestricted areas [of mill tailings] to individual members of the
public” (10 CFR 20.1301). Assuming continuous presence on site, or 8,760 hours per year, the
allowable exposure rate is approximately 12 uR/hr which the BLM has applied at multiple sites.
Coincidentally, this standard is approximately twice the background gamma exposure rate at
high elevations where uranium mines are present. The use of “twice background” as a

preliminary measurement standard is a common indicator of the presence of contamination.
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For radon, BLM uses 3.0 picocuries per Liter (pCi/L) above background as its criteria. For a
uranium mine site to be considered remediated using the BLM guidance, the site must emit less
than 12 pR/hr gamma radiation above background and less than 3.0 pCi/L of radon above
background.

BLM reportedly utilized these criteria for the reclamation of the Jackpile Mine in Cibola County,
New Mexico, and the Church Rock Mine in McKinley County, New Mexico. These criteria were
also reported to have been used by EPA to reclaim abandoned uranium mines on Navajo Allotted
Lands. While potentially useful for comparison purposes, these criteria are part of an internal

BLM guidance standard, not a federal regulation.

2.5 STATE OF NEW MEXICO GUIDANCE

In March, 2014, the NMEMNRD and the New Mexico Environment Department (NMED)
jointly issued a draft guidance document to assist mine site responsible parties to address soil
cleanup standards as part of reclamation activities at existing mines. This guidance contained
clements that are similar to the UMTRCA standards, but also contained an additional
requirement. Specifically, the draft New Mexico guidance incorporated the UMTRCA standards
of 5 pCi/g for surface soil and 15 pCi/g below the surface, but added a new criteria called the site
Post Reclamation Radiation Level (PRRL). The PRRL is the gamma exposure rate that would
result from an assumed 5 pCi/g of Ra-226 above background. The applicable criterion is then
that the gamma exposure rate across the site after reclamation should not exceed the PRRL at
any location. This is an interesting criterion as it is similar to the gamma walkover scanning
commonly done after many of the radiological abatement actions, but instead of reporting results
in counts per minute (CPM) from which soil concentration is inferred, it reports results in a

directly usable format.

In April, 2014, the NMEMNRD issued similar draft regulations concerning reclamation of new

mine sites.

2.6 TEXAS DEPARTMENT OF STATE HEALTH, DECOMMISSIONING
STANDARDS

Similar to the NRC’s license termination rule discussed in section 1.3.1 above, the Texas

Administrative Code specifies that for facilities that are undergoing decommissioning, a site will
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be considered acceptable for unrestricted use if the residual radioactivity that is distinguishable
from background radiation results in a TEDE value for an average member of the critical

population group that does not exceed 25 mrem per year.

In addition, no licensee shall cause the concentration of Ra-226 or Ra-228 in soil, averaged over
any 100 m” to exceed the background level by more than 5 pCi/g , averaged over the first 15 cm
of soil below the surface; and 15 pCi/g averaged over 15 cm thick layers of soil more than 15 cm

below the surface.

2.7 CONFERENCE OF RADIATION CONTROL PROGRAM DIRECTORS

The Conference of Radiation Control Program Directors (CRCPD) is non-governmental
organization dedicated to radiation protection, with membership primarily composed of members
of state or local government agencies that regulate the use of radioactive materials. One of its
primary missions is to promote consistency in addressing radiation protection issues. As such,
the CRCPD issues a list of suggested state regulations on a number of radiological topics,
including Part N, Suggested Regulations and Licensing of TENORM. This document suggests a
dose cleanup standard for all TENORM other than Ra-226 and Ra-228 based on a maximum of
25 mrem per year to an average member of the critical group, and a concentration standard for
Ra-226 and Ra-228 of 5 pCi/g averaged over 100 m” in incremental 15 cm layers. It should be

recognized that these are only suggested regulations and are not binding.

2.8 ANSI/HPS N13.53

In 2009 the American National Standards Institute and Health Physics Society (ANSI/HPS)
published N13.53 entitled “Control and Release of Technologically Enhanced Naturally
Occurring Radioactive Material”. This document did not provide recommended cleanup criteria
for TENORM, or specifically uranium mine waste, but does provide an expanded discussion of
the potential relevant regulations and guidelines on this subject. The reader is encouraged to
review this document to learn additional information regarding the details and derivation of these

potential regulations.
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2.9 SUMMARY OF POTENTIALLY APPLICABLE REGULATIONS

Federal and state regulations were reviewed to identify potential ARARs that might best inform
soil radiological threat abatement criteria for legacy uranium mines. The underlying basis for the
regulations generally fell into three approaches; a soil level in units of pCi/g, a dose level in
terms of TEDE, and a risk level in terms of likelihood of health impacts. A BLM internal
guidance document and New Mexico draft regulations included the novel addition of a gamma
exposure rate criterion. It is important to restate that none of the regulations are specifically
applicable to legacy mine waste since neither the NRC, EPA, or any state agency currently have
jurisdiction over this material. A summary of the regulations reviewed is summarized in the table

below.

Table 2-2. Summary of Potential ARARs

Soil TEDE . Exposure rate
EPA standard standard LSS standard
UMTRCA 5/ 15 pCi/g
CERCLA 12 mrem/y | 1x10*to 1x10°
Phosphogypsum 10 pCi/g
NRC
License
termination rule 25 mrem/y
U mill .
Reclamation 5/15 pCilg
Land Disposal 25 mrem/y
BLM 12 pR/hr
New .
Mexico 5/15 pCi/g PRRL
Texas 5/15 pCi/g 25 mrem/y
CRCPD 5 pCi/g

Of particular interest, as described in section 1.3.2 above, EPA Directive 9200.4-35P may
present the strongest case for the Benchmark approach coupled to the 5/15 pCi/g standards
described in 10CFR40, Appendix A to be the most likely potentially relevant and appropriate
requirement for the contaminants of concern at a legacy uranium mine site. However, OSWER
9285.6-20 also stipulates that the benchmark dose cannot exceed 12 mrem/y, which the EPA
considers to be equivalent to the maximum risk under CERCLA standards. Notwithstanding,
review of recent cleanup criteria at inactive uranium mine sites on the NPL are based on risk

above background levels, as discussed in the following section.
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3. SELECTION OF RADIOLOGICAL THREAT ABATEMENT ACTION
CRITERIA

According to ANSI Standard N13.53, “The management of TENORM is unique among
radioactive materials in that there are no uniform national guidelines or regulations for its
management.” Since there are no definitive regulations, it may be useful to review a few
precedents where EPA developed criteria to address contamination at uranium mines. Following
this review of precedents, this section uses the recommended EPA protocol to calculate potential

radiological threat abatement action criteria.

3.1 MIDNITE URANIUM MINE NPL SITE

In 2006, EPA published the Record of Decision regarding the cleanup of one of the few uranium
mine sites on the NPL. The Midnite Mine was located on the Spokane Indian Reservation about
45 miles from Spokane, Washington. The open pit mine operated from 1954 to 1981 and was
added to the NPL in 1999 after being scored using the Hazard Ranking System (HRS). It
appeared that the primary hazard on the site was from contaminated water in the open pits and
from seeps. EPA conducted risk assessments based on a residential scenario and calculated risk

using the following assumptions of subsistence activities and diet:

e Residents lived on the mined area 24 hours/day for 70 years
e Residents lived on wild plants, game and fish collected from the mined area

e Residents drank surface water from the mined area.

The EPA concluded that the calculated cleanup criteria based on the above assumptions were
more stringent than background concentrations of the radioactive contaminants of concern. It
was determined that environmental media in un-impacted areas near the site contained naturally
elevated areas of the radioactive contaminants. Under CERCLA, cleanup levels are generally not
set below background levels. Cleanup criteria for this site were determined from a statistical
evaluation of the 95% upper tolerance level of the background data. These criteria were 29 pCi/g
for total uranium, 4.7 pCi/g for Ra-226, and 0.0075 pCi/g for lead-210 (Pb-210). (Note to reader,
why these isotopes are not found in equilibrium is unclear.) Therefore, the site is being returned

to natural conditions, those occurring prior to mining.
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3.2 UNC NORTHEAST CHURCHROCK MINE NON-NPL SITE

The UNC mine is located approximately 17 miles northeast of Gallup, New Mexico on
approximately 125 acres adjacent to Navajo Nation land. The mine operated from 1967 to 1982,
and is not currently on the NPL. Due to the close proximity of residents adjacent to the
contaminated property, the EPA has ordered three time-critical removal actions since 2006,

resulting in the removal or stabilization of approximately 140,000 cubic yards of soil.

The EPA determined that the critical contaminant was Ra-226, the average background of Ra-
226 in the area was 1.0 pCi/g, and after performing a PRG risk analysis assuming a residential
scenario selected an action level for Ra-226 of 1.24 pCi/g above background. This action level is
based on a risk of 2x10, including background. Use of a 2x10™ risk was justified by the EPA
because the 1x10° risk of 0.0124 pCi/g is below background level, the concentration is
detectable by standard laboratory methods, and is consistent with the general risk range cited in

the NCP.

3.3 TECHNICAL REPORT ON TENORM FROM URANIUM MINING

In 2008, EPA published a two-volume assessment of the radiological hazards from abandoned
uranium mines (UAMs) designated as EPA-402-R-08-005. Volume 2 of this report entitled
“Investigation of Potential Health, Geographic, and Environmental Issues of Abandoned
Uranium Mines” included a discussion of the potential radiogenic cancer rates from these sites
and evaluated which pathways of exposure and radionuclides may pose the greatest hazards to
members of the public. This document considered two scenarios, residential and recreational.
The report concludes that given most abandoned uranium mines are on federal land, are in
isolated areas, lack potential drinking water and infrastructure such as roads, the risk from a
residential scenario is a low probability. While the risk from a residential scenario would be at
the highest end of the risk spectrum and therefore represents the upper bound of risk, the report
concludes that the primary exposures to TENORM wastes at uranium mines involves
recreational use of the site, in which the site is visited occasionally by hikers, campers, or driven
over by all-terrain vehicles. Users would likely visit these abandoned sites for short periods of
time, such as two weeks, which is the common maximum time the National Park Service issues

backcountry permits. Occupational workers such as government employees performing site
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inspections could also spend similar periods of time at these locations. The report concluded that
the primary contaminant of concern was Ra-226, the critical pathway of exposure was external
gamma exposure from contaminated soil, and presented the cancer risk estimates in the

following table:

Table 3-1. AUM Concentrations of Ra-226 + D per Risk Probabilities*

Expos(téfyl;r;guency 1x10- risk 1x106 risk
1 4,297 pCilg 43.0 pCilg

14 307 3.07

30 143 1.43

140 30.7 0.307

352 12.3 0.123

* EPA-402-R-08-005

This data demonstrates that assuming a reasonable visitation time of 14 days, the lifetime cancer
risk of 1x10™ would be attained at a soil concentration of about 3.1 pCi/g. These values were
calculated using the Soil Screening Levels (SSL) protocol which at the time of this report was
considered by the authors to be more appropriate than the PRG calculator. However, the SSL
risk assessment equations have now been superseded by those in the PRG calculator and

therefore EPA now recommends use of the PRG calculator for estimating risk at CERCLA sites.

3.4 CALCULATION OF RADIOLOGICAL THREAT ABATEMENT CRITERIA
USING PRG CALCULATOR

In June, 2014 EPA issued OSWER 9285.6-20, “Radiation Risk Assessment at CERCLA Sites:
Q&A.” Per this guidance, risks from radionuclide exposures at Superfund sites should be
estimated in a manner analogous to that used for chemical contaminants. The estimates of intake
by inhalation and ingestion and the external exposure estimated for the land use should be
coupled with the appropriate slope factors for each radionuclide and exposure pathway. This
document recommends the use of the PRG Calculator for Radionuclides for this assessment.
Only excess cancer risk should be considered for radionuclides. When calculating radiological
threat abatement levels, the total incremental lifetime cancer risk attributed to radiation exposure

is estimated as the sum of the risks from all radionuclides in all exposure pathways.
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PRG calculator is a web-based program that calculates the risk from each radionuclide, or a
parent/progeny group of nuclides, though multiple pathways of potential concern. For abandoned
uranium mine sites the contaminant of concern (COC) is unprocessed uranium ore. The
individual COCs are U-238 and its daughter isotopes (U-238+D) defined in the PRG calculator
(see section 2.2.2 of the User’s Guide) as U-238, thorium-234 (Th-234), and protactinium-234
(Pa-234),; U-234; Th-230; Ra-226 and its daughter isotopes (Ra-226 + D) defined as Ra-226,
radon-222 (Rn-222), polonium-218 (Po-218), Pb-214, bismuth-214 (Bi-214), and Po-214; Pb-
210; bismuth-210 (Bi-210); and Po-210. The pathways of concern for these radionuclides
depend on the present or reasonable potential future land use and include ingestion of soil,
inhalation of dust, and direct external gamma exposure for all land-use scenarios. Other
pathways of concern that should be considered for any residential scenario include radon
inhalation, the ingestion of produce grown in contaminated soil and the ingestion of meats
(domestically raised or wild game) and dairy products from animals that graze in contaminated
soil. All risks calculated by the model were for soil media, including those from the ingestion of
produce and meats/dairy, except for radon inhalation which was calculated for air media.
Exposure to contaminated drinking water was excluded as a pathway due to the lack of surface

water and the extreme depth to groundwater in the area.

In the following sections, the PRG calculator was used to evaluate ten (10) potential scenarios.
Exclusive, site-specific input values were selected for each scenario except the second residential
scenario listed below and the Indoor and Outdoor Worker scenarios, for which a PRG was

calculated using all default values.

¢ Residential (Radon Inhalation Only)
e Residential with default input values
e Residential (Town)

e Residential (Rural)

e Recreator (Backpacker)

e Recreator (Sheep Camp)

e Recreator (Hunter)

e Farmer

e Indoor Worker

e Outdoor Worker
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PRG calculations for each of these scenarios are discussed in the following subsections. Note
that although an effort was made to select input values specific to conditions likely to be met on
AUM sites in New Mexico and Arizona, each site should be evaluated individually prior to
assessment to determine not only the present and likely future land use but to confirm whether
the site-specific values assumed for the PRG calculations in this protocol document match the
subject site. If it is found that actual values vary significantly from those assumed, PRG(s)

should be redeveloped for the site(s) utilizing the PRG calculator and the new input values.

Table 3-2 summarizes the input values, pathways of exposure, significant contributors to risk,
and calculated Soil PRGs for each scenario at an acceptable risk of 3 x 10™. The data were
summarized from PRG Calculator outputs that are provided as Appendix 1. To calculate PRGs
for acceptable risk levels of 1x10™ and 1x10°, simply divide the PRGs in Table 3-2 by 3 and
300, respectively.

3.4.1 Residential (Radon Inhalation Only)

The PRG Calculator models risk per unit concentration of air for the radon inhalation pathway.
That is, it does not calculate the risk relative to radionuclide concentrations in soil. Assuming
the default residential-scenario time spent indoors as 16.416 hours per day over a 26-year time
period, the model calculated a risk contribution from Ra-226+D inhalation of 0.00451 per
pCi/m’, which calculates to a PRG of 0.07 pCi/m® or 0.00007 pCi/L. This value is orders of
magnitude beneath the EPA-recommended action level for Rn-222 of 4.0 pCi/L. As such, the
radiological threat abatement criterion for the inhalation of Rn-222 will be 4.0 pCi/L. The
remainder of the scenarios discussed below all exclude the risk contribution from radon

inhalation.

3.4.2 Residential with Default VValues

It is important to remember that the PRG default input values are not specific to conditions
around abandoned uranium mines. The default values are for a typical CERCLA site and assume
a residential scenario. Using default parameters in the PRG calculator for soil contamination

results in the following table of risks per pCi/g per radionuclide.
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Table 3-2. PRGs for Potential Scenarios at AUM Sites

26 (6 ch, 20 adit] yrs, 350 dayz/yr, 24 hrs/day
Radon Inhalation, plifL nfa [Eaes not specify indoar vs outdoor hrs) Radon Inhalation
- 26 (6 ch, 20 2dlt) yrs, 350 daysfyr, 24 hrs/day mm“s""
(Pb-210 produce ingestion {1641 hrs indaars; 175 outdeors) Inhalation of Sail
ial - Default 03 contributes add'l 37%) Ingestion of Home grown Produce
Diirect Exposure to 5ol
26 [6 ch, 20 adlt) yrs, 350 daysfyr, 24 hrsfday Ingestion of Soil
{1641 hrs indoars: 1.75 outdoors) Inbizlation of Sail
Resicential Town), a6 3% Ingestion of Home-grown Produce
Direct Exposure to 5oil
26 (6 ch, 20 adh) yrs, 350 days/yr, 24 hrs/day Ingestion of Sail
16,81 hrs indoors: 1.75 outdoars) Inhalation of Soil
Residential [Rursl], a1 ary Ingestion of Home-grown Produos
30 (6 ch, 24 adlt) yrs, 14 daysiyr, 24 hrs/day mm,mhl
Recreator |Backpacker), 325 7% [24 hrs outdoors) Inkalation of Sail
Diirect Exposure to Seil
30(6 ch, 24 adlt) yrs, 153 days/yr Ingestion of Sail
Recreator |Sheep Camp): Soil + [350 days/yr for ingestion of sheep) Irhalation of Sail
Game, 29 95% 24 hrs/day (24 hrz outdoors) Ingesticn of Sheep
A5% Diirect Exposure to Seil
(2 48 % of tossl risk is 306 ch, 24 ack] yrs, 14 daysfyr Ingestion of Sail
Recreator {Hunter): Soil + Game and| contributed by ingestion of [350 days/yr for ingestion of game| Inhalation of Sail
Fonwd, 154 g=me] 24 hrsfday (24 hrs outdoors) Ingestion of Game and Fowl
Farmer: Soil + Biota, site-specific site-specific site-specific site-specific
Direct Exposure to 5ol
25 years, 250 days/yr, B hrsiday Ingestion of Soil
Indoor Workery, 163 aT% (B hrz indoors) Inhalation of Sail
Direct Exposure to Sl
25 years, 225 daysfyr, B hrsfday Ingestion of Soil
Dutdocr Worker,. 73 L 7Y (B hrs cutdears) Inkalation of Sail

i The input values for each PRG presented in this table should be compared to actual site-spedfic values; i site-specific values differ significantly, a PRG should be re-calculated for the individual site. Additionally, to caloulate PRGs for accepizble risk levels of 1 x 1
and 1 x 10, simply divide the PRGs in Table 32 by 3 and 300, respectively. Input values for 2ach scenaria can be found in Appendix 1.
LAl PRGs assume 20,000 m” {spprox. 5 sores) of contaminated sres snd 3 0 cm cover |ayer for outdoor Gamma Shielding Factor sxcapt for the Residential [Town) scenzric. For Residential (Town), the comtaminassd ares was assumied to be 2,000 / (0.5 scre) to
account for greater density of houses and other shizlding infrastructure such as sidewslis, roadways. parking bots, etc.

1PRG does not back-wzlculate to soil the risk from radon inhalation but instesd caloulates the risk per chosen concentration in air.
4lnput wegetable and fruit consumption as 5.5 g/day for both adult and child which was used in Grants Residential project. Input produce plant mass loading factor as 00 together with the default oil intake rates, this brings totsl soil ingestion rate in closer

TRONOX Abandoned Uranium Mine Protocol.docx 3 -6

accordance with the 2011 Expeosure Factors Handbook soil ingestion rases.
sDoubled the vegetable and fruit consumption rate and halved the vegetative cover fraction of the Residential (Town) scenario. Input produce plant mass loading factor 25 0.01; together with the default soidl intake rates, this brings total soil ingestion rate in closer
acoordance with the 2011 Exposwre Factors Handbook soil ingestion rates.

14 days is the common maximuem time the National Park Service issues backoountry permits. There is no default value for total number of years; 30 years was chosen as this is between default residential walue of 26 years and default farmer value of 40 years.
;5heep Camp scenario from May - September. There is no default value for totzl number of years; 30 years was chosen as this is between default residential value of 26 yesrs and default farmer value of 40 pears. Shesp consumpticn rate was tzken from farmer
soenario default value for beef and was assumed to occwr for 350 days/yr [same value as total exposure days/'yr for Residentizl scenario). Sheep fodder and soil uptake rates were taken to be 172 of default beef rates in the farmer socenario; sheep water uptake rate
was tsken to be 1/2 of aversge cattle rate abtained from Univ. of Mebraska. Also, for this scenario, the PRG Calculator was utilized separately for 1) all Pathways of Exposure minus Meat Ingestion [153 days total exposure duration), and Z) the Meat Ingesticn
Pathway | 350 days total exposure durstion [default totzl exposure duration for residential soenario] since mest ingestion rates ane per day. The Game On-Site Fraction was set to 0,42 to reflect that the sheep grazed on contaminzted lands for 153 days out of the
year [the game contaminated fraction and fraction of year game is on site were left at 100
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Table 3-2. PRGs for Potential Scenarios at AUM Sites (Continued)

aThere is no default value for total number of years; 30 years was chasen s this is benaeen default residential value of 26 years and defaule farmer value of 40 years. Game and Fowl consumption rates and fodder/soiluptake rates were taken from farmer scenaric
default values for beef and pouttry. Water uptske rates for game and fowl were input using verage cattle and pouliry rates ohisined from Univ. of Mebrasks and Oregon Ssate Univ,, respectively. Also, for this scenario, the PRE Calculator was utilized separately for
1) all Pathways of Exposure including Fowl Ingestion but minus Land Game Ingestion [14 days total exposure duration - see footnote 6 above), and 2) the Game Ingestion Pathway (350 days total exposure duration [default total exposure duration for residentizl
scenaric]] since meat ingestion rates sre per day. [t was assumed that fowl [e.5. turkey] would be consumed for 2 weeks but zame [e.g. elk] would be consumed neary yesr-round. The Land Game and Fowl Contaminated Fractions were keps 3t 1.0 to reflect that

the game and fow! grazed/ats on contaminated lands year-round.
,The PRG Farmer Scenario includes several potentizl pathways including the corsumption of home-grown procduce and ingestion of home-raised beef, dairy, poultry, eges, fish and swine that will likely vary significantly from site o site. Therefore, = site that includes

a farm as present or future land use showld have 2 PRG calculated with site-specific parameters.

wPRG Calculator alse includes scenarios for ‘Construction Worker - Unpaved Boad Traffic’ and *Construction Warker - Wind Erosion and Other Construction Activities” that requine several site-specific varizble inputs. Additionally, there exists a BPRG cloulztor for
calculations that indude 3 contaminated-building soenarie and 2 SPRE calculator for scenaries with contaminated outside hard surfaces [sidewalks, roads, slabs, bldg. walls, exc), both requiring several site-specific variable inputs.
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Table 3-3. Risks Based on Default Residential Scenario

External Produce
Ingestion Inhalation | Exposure | Consumption Total
Risk per Risk per Risk per Risk per Risk per
Isotope pCilg pCilg pCilg pCilg pCilg
Bi-210 2.05E-11 4.11523E-14 | 1.82E-11 2.1097E-09 2.146E-09
Pb-210 1.32E-06 1.287E-09 8.77E-09 0.000128205 | 1.295E-04

Po-210 7.69E-08 3.61011E-11 | 8.2E-12 7.29927E-06 | 7.353E-06

Ra-226+D 7.52E-07 3.32226E-09 | 7.19E-05 8.26446E-05 | 1.555E-04

Th-230 1.86E-07 4.03226E-09 | 7.3E-09 1.84162E-05 | 1.862E-05

U-234 1.66E-07 3.30033E-09 | 2.19E-09 1.49477E-05 | 1.513E-05

U-238+D 2.2E-07 2.80112E-09 | 1.03E-06 1.89036E-05 | 2.016E-05

Totals 2.72E-06 1.47791E-08 | 7.3E-05 0.000270419

Total risk per 1 pCi/g | 0.000346

From data in this table, it appears that the critical isotope of concern is Ra-226+D (contributing
45 % [0.0001555/0.000346] of total risk across all pathways), and the critical pathways are
external gamma exposure (21 % [0.000073/0.000346] of total risk across all radionuclides) and

consumption of produce grown in contaminated soil (78 % [0.000270/0.000346] of total risk
across all radionuclides). Since our contaminant of concern is uranium ore, all of these
contaminants are assumed to be in equilibrium, and therefore the total risk is the combined risk
from all of the COCs. One can then calculate what the PRG of all of the COCs in equilibrium
would be by dividing the total risk per pCi/g (0.000346) into the total acceptable risk. This value
calculates to be 0.003 pCi/g for a risk of 1x10®, 0.3 pCi/g for a risk of 1x10™ and 0.9 pCi/g for a
risk of 3x10™,

3.4.3 Site-Specific Values and Residential Scenarios (Town and Rural)

The 2014 OSWER guidance specifically encourages the use of site-specific factors and
parameters to more accurately quantify the risk from each unique site. The default values assume
an infinitely large and thick contamination zone. It is likely that the actual abandoned mine sites
will also be large, and for the Residential (Rural) scenario the area is assumed to be 20,000 m?,

or approximately 5 acres. For the Residential (Town) scenario, the contaminated area was
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assumed to be 2,000 m” (0.5 acre) to account for a greater density of houses and other shielding
infrastructure such as roads, sidewalks, parking lots, etc. Since these abandoned uranium mines
are located in the arid high desert of the southwest U.S., it is logical to assume that the quantity

of homegrown produce will be relatively small.
Town

In the assessment using default values above, the amount of fruits ingested was assumed to be
68.1 grams/day (g/day) during 6 years of childhood and 178.1 g/day during 20 years of
adulthood, and for vegetables was assumed to be 41.7 g/day during childhood and 126.2 g/day
during adulthood. For a residential (town) scenario, the site-specific amount assumed for each
produce type for both adult and child was revised to 5.5 g/day which is equivalent to 2 kg/year,
the value used in the EPA Region 6 Grants Mineral Belt Uranium Residential Assessments
project. Assuming this modification to the default values, the PRG calculator generates the

following table of risks per radionuclide.

Table 3-4. Risks Based on Site-Specific Residential (Town) Scenario

External Produce
Ingestion Inhalation Exposure | Consumption Total
Risk Risk Risk Risk Risk per
Isotope per pCi/g per pCi/g per pCilg per pCilg pCi/G
Bi-210 2.05E-11 4.10E-14 1.47E-11 2.73E-11 6.24E-11
Pb-210 0.00000132 1.29E-09 7.93E-09 0.000000396 | 0.00000172
Po-210 7.70E-08 3.61E-11 7.13E-12 1.21E-08 8.91E-08
Ra-226+D 7.54E-07 3.32E-09 0.0000608 0.000000317 0.0000619
Th-230 1.86E-07 4.04E-09 7.02E-09 3.52E-08 0.000000232
U-234 1.66E-07 3.29E-09 2.19E-09 3.68E-08 0.000000208
U-238+D 2.21E-07 2.81E-09 8.80E-07 4.66E-08 0.00000115
Totals 0.00000272 1.48E-08 0.0000617 0.000000844

Total Risk per 1 pCi/g 0.0000653

From these data, it appears that the only significant COC is Ra-226+D, and the only significant
pathway 1is external gamma exposure (External Exposure to Ra-226 contributes 93%

[0.0000608/0.0000653) of total risk]. It is interesting to note that in the default scenario, the dust

TDD NO. TO-0001-42-14-27
TRONOX Abandoned Uranium Mine Protocol.docx 3-9 CERCLIS NO. N/A



Weston Solutions, Inc. — Protocol for Assessment of Tronox Abandoned Uranium Mine Sites, Ambrosia Lake, McKinley
County, New Mexico

load assumed for the soil inhalation pathway is 0.74 pg/m’. While this dust load may be a
reasonable assumption for the default scenario, the dust load in the arid climate around a uranium
mine would likely be greater than that assumed in the default scenario. Note however that in the
site-specific scenario, with a climatic zone chosen as Albuquerque and a 5-acre area of
contamination, the dust load for the soil inhalation pathway becomes (0.22 pg/m’). However,
for the inhalation pathway to become significant, the dust load would need to increase by a factor
of 10,000. Therefore, it is concluded this pathway is not likely to be significant. Again, one can
then calculate what the PRG of all of the COCs in equilibrium would be by dividing the total risk
per pCi/g (0.0000653) into the total acceptable risk. This value calculates to be 4.6 pCi/g

assuming a 3x10™ risk.

Rural

For a Residential (Rural) scenario, in addition to increasing the contaminated area to 20,000 mz,
a PRG was calculated using the same input values as the Residential (Town) scenario save the
following 2 parameters: the ingestion of fruits and vegetables was doubled for both child and
adult to 11 g/day and the vegetative cover fraction was decreased by half to 0.25. A set of risks
for each radioisotope and pathway was produced similar to Table 3-3 above and can be found in
Appendix 1. The resulting PRG for an acceptable risk of 3 x 10, along with pertinent input

values and significant contributors to risk, are summarized on Table 3-2.

3.4.4 Site-Specific Values and Recreator (Backpacker) Scenario

The PRG calculator protocol does not include default values for a recreation scenario. This is
because EPA believes that this scenario should be a unique set of input parameters from which
the risk can be calculated. For an abandoned uranium mine site on federal land, the most likely
use for recreation would be by a camper who resides on the property 24 hours/day for 14
days/year for 30 years. The area of contamination is again assumed to be 20,000 m?” or
approximately 5 acres. A set of risks for each radioisotope and pathway was produced can be
found in Appendix 1. The resulting PRG for an acceptable risk of 3 x 10™, along with pertinent

input values and significant contributors to risk, are summarized on Table 3-2.
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3.4.5 Site-Specific Values and Recreator (Sheep Camp) Scenario

An additional potential scenario that one may encounter at an AUM site is the tradition of
shepherds camping outdoors with grazing animals during prime grass-growing season. A
conservative estimate is that a shepherd would camp for 5 months, or 153 days, per year (May —
September) and consume sheep meat for 350 days (default residential annual exposure duration)
out of the year. The input values for this scenario replicate those of the Recreator (Backpacker)
scenario except for the annual exposure time in days per year increasing from 14 to 153 and the
addition of a meat ingestion pathway with an annual exposure time of 350 days per year. A set
of risks for each radioisotope and pathway was produced can be found in Appendix 1. The
resulting PRG for an acceptable risk of 3 x 10, along with pertinent input values and significant

contributors to risk, are summarized on Table 3-2.

3.4.6 Site-Specific Values and Recreator (Hunter) Scenario

A third recreator-type scenario for which a PRG was developed was that of a hunter. The input
values for this scenario replicate those of the Recreator (Backpacker) except that an additional
pathway of exposure is added which accounts for the risk contribution from ingestion of game
and fowl. Since the PRG Calculator does not include default values for a recreator scenario,
ingestion rates for game and fowl along with game and fowl fodder and soil uptake rates were
assumed to be identical to parallel values for beef and poultry in the PRG Farmer scenario. A set
of risks for each radioisotope and pathway was produced and can be found in Appendix 1. The
resulting PRG for an acceptable risk of 3 x 10, along with pertinent input values and significant

contributors to risk, are summarized on Table 3-2.

3.4.7 Site-Specific Values and Farmer Scenario

The PRG Calculator provides the option of modeling risk for a Farmer scenario in which
numerous ingestion-of-animal products pathways of exposure can be considered in addition to
the other standard pathways of exposure faced in a residential scenario. These include the
ingestion of beef, poultry, eggs, dairy, fish and swine. Since several combinations of these
pathways could be included or excluded which would provide varying PRGs, the risk to a farmer
was not modeled and a PRG was not calculated. Instead, a PRG for a farmer scenario should be

developed on a site-by-site basis with site-specific values.
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3.4.8 Default Values and Indoor Worker Scenario

A PRG was developed for an Indoor Worker scenario using the PRG Calculator default values.
The only 3 pathways of exposure considered under this scenario were ingestion of soil,
inhalation of dust, and direct external gamma exposure. Default values for time of exposure
included 8 hours per day (all indoors) and 250 days per year. A set of risks for each
radioisotope and pathway considered was produced and can be found in Appendix 1. The
resulting PRG for an acceptable risk of 3 x 10, along with pertinent input values and significant

contributors to risk, are summarized on Table 3-2.

3.4.9 Default Values and Outdoor Worker Scenario

A PRG was also developed for an Outdoor Worker scenario using the PRG Calculator default
values. The pathways of exposure are identical to those of an indoor worker; however, default
values for time of exposure differed and included 8 hours per day (all outdoors) and 225 days per
year. A set of risks for each radioisotope and pathway considered was produced and can be
found in Appendix 1. The resulting PRG for an acceptable risk of 3 x 10™, along with pertinent

input values and significant contributors to risk, are summarized on Table 3-2.

3.5 CALCULATION OF RADIOLOGICAL THREAT ABATEMENT CRITERIA
USING RESRAD 7

The June, 2014 EPA-issued OSWER 9285.6-20 guidance document states that although EPA
recommends using the PRG calculator to model radionuclide risk to ensure consistency with
CERCLA, the National Contingency Plan (NCP) and EPA’s Superfund guidance for remedial
sites, an alternative model may be used if justification is developed. Justification should include

the model runs using both the recommended EPA PRG model and the alternative model.

Pursuant to this goal, although many other modeling programs are available, RESRAD 7
modeling software was also used to develop radiological threat abatement criteria for the 10
potential land-use scenarios described above for comparison to PRG Calculator results.
RESRAD was utilized for the EPA Region 6 Grants Mineral Belt Uranium Home Site
Assessments project that was conducted from 2010-2015, which is similar in scope to the Tronox
Mine Site Assessments project. The RESidual RADioactivity code was developed by Argonne
National Laboratory for the U.S. Department of Energy and calculates the Effective Dose
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Equivalent (EDE) from each radionuclide through each pathway of concern. Using the OSWER
9285.6-20 guidance document risk-to-dose assumption of a risk of cancer incidence of 8.46 x 10
4 per rem of exposure per 30 years, a maximum allowable dose of 12 mrem/yr was used which is

considered to correspond approximately to 3 x 10™ excess lifetime cancer risk.

EDEs for the same COCs for unprocessed uranium ore as listed for the PRG Calculator were
modeled across the pathways of exposure exclusive to each scenario, from which Derived
Concentration Guideline Levels (DCGLs) were calculated. For the purposes of comparison,
DCGL is considered synonymous with PRG. The associated progeny for parent radionuclides
being defined slightly differently by the two different models, the COCs for RESRAD were U-
238, U-234, Th-230, Ra-226, Po-210, Pb-210. PRG Calculator input values, including default
values, for all parameters were replicated in RESRAD to the maximum extent possible to

comport with OSWER 9285.6-20 guidance.

Similar to the PRG Calculator, if RESRAD is determined to be a useful model and if it is found
that actual values vary significantly from the input values assumed for the calculations in this
protocol, DCGL(s) should be redeveloped for the site(s) utilizing RESRAD 7 and the new site-

specific input values.

Table 3-5 summarizes the input values, pathways of exposure, and calculated Soil DCGLs for
each scenario at an acceptable maximum dose of 12 mrem/yr. The data were summarized from

RESRAD outputs that are provided as Appendix 2.

It should be noted that unlike the PRG Calculator, RESRAD calculates the EDE from the radon
inhalation pathway based on the concentration of Ra-226 in soil, and the pathway can be
included or excluded as desired when modeling.  Using the input values from the PRG
residential (town)-scenario, the model calculated a total risk per pCi/g exclusive to just the radon
inhalation pathway (excluding inhalation and ingestion of soil, direct exposure, and ingestion of
home-grown produce pathways) from all radionuclides of 0.3 mrem/yr. Given the technical
infeasibility of achieving cleanup to this conservative value, the cleanup criteria for the
inhalation of Rn-222 will be the EPA-recommended action level of 4.0 pCi/L. Accordingly, the

remainder of the DCGLs exclude the risk contribution from radon inhalation.
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Table 3-5. DCGLs for Potential Scenarios at AUM Sites

26 (6.ch, 20 adlt) yrs
350 days/yr
24 hrs/day
(16,41 hrs purtdoors:
JResidentizl {with Radon Inhalation badk-lculated to soil) o3 na 1.75 indowors) Radon Inhalation
26 {6.ch, 20adk) yrs
o 350 daysiyr Dinect Exposure to Soil
(62% of total risk 2 hrsfday Ingestion of Soil
is contributed by| (1641 hrs indoors;  |Inhalation of Soil
JR=zidentizl - PRG Default Values 11 ingestion of soil) 1.75 putdioors) Ingestion of Home-zrown Produns
26 (B.ch, 20 ad) yrs
350 daysiyr Dinect Exposure to Soil
2 hrsfday Ingestion of Soil
[16.41 brs indoors;  (Inhalation of Soil
JR=zidentizl (Town) 31 B2 175 purtdioors) Ingestion of Home-=rown Produos
26 (B.ch, 20adk) yrs
350 daysiyr Diinect Exposure to Soil
24 hrs/day Ingestion of Sodl
[16.41 brs indoors;  (Inhalation of Soil
JPesidertial (Rural), 28 TEE 1.75 outdoors) Imzestion of Home-zrowen Produos
30 (Gch, DD adlt) yrs  (Direct Expozsure to Soil
14 daysfyr Imgestion of Sodl
[Fi=creator [Backpacker) 3.4 a% 24 hrsfesy Inkslztion of Soil
30 (6.ch, 3D aclt) yrs
153 daysiyr
(330 days for ingestion | Direct Exposure to Soil
of sheep) Imgestion of Sodl
JF=creator [Sheen Carp) 27 Q% 24 hrsfesy Inhslstion of Soil
3B
[An additioral | 30 (6ch, 20 ads) yrs
62% of total risk 14 caysiyr Diinect Exposure to Soil
is contributed by [350 daysyr for Ingestion of Soil
ingestion of ingestion of game)]  (Inhalation of Soi
Im:m[Hm.j, 120 game 24 fhrsiday Ingestion of Game and Fouwl
[rarmer: 5ot + Biers, site-specific | site-specfic stespecific  |ste-specifi
25 years
50 daysiyr Dinect Exposure to Soil
B hrsdday Ingestion of Soil
JIndoor Worker 124 ] [B hrs indoors only]  [Inhalation of Soil
25 ymars
225 days/yr Direct Exposure to Soil
B hrsfday Ingestion of Soil
JOutcionr Wiorker 55 95% (B hrs outdoors only)  [Inhalation of Soil

o« Thee June, 2004 EPA-izsued OSWER 9285.6-20, “Radiztion Risk Assessment at CERCLA Sites- QRA", the answer to question 16 stetes . When alternative models
are used, the user should adjust the default input parameters to be a5 close as possible to the PRG inputs.” To this end, in sddition to the Total Exposure Duration
times zrd the Routes of Exposure listed in this Table, site-sperific parameters used in PRG caloutations that were replicated fior zll ResRad scenarios include 2
contaminated snea of 20,000 m” [~5 scres)jexcept Resicential [Town] soenaric), cover layer sbove contamination of 00 o, indeor Gamma Shislding Factor of 0.4,
and Plant Food Contaminated Fraction of 0.25. For Residentizl (Town), the contaminated area was replicted 2z 2.000m”. Thickness of contaminzticn zone in
PRG caloulations was unfimited; 3 2 meter thickness was used to replicate this value for all scenarios in RESRAD.

Additionally, the following default values were caloulated to be equivalent to those from the PRG Radicisotope Calculator: Since the PRG Caloulator bresks out
totzl enposure time into 6 years of childhood and remainder of adulthood for residential and recreator soenarios wheneas RESRAD does not, the PRG default
ingestion rabes wene multiplied out to obtain the swerage ingestion rabe over total number of years.

TDD NO. TO-0001-42-14-27

TRONOX Abandoned Uranium Mine Protocol.docx 3-14 CERCLIS NO. N/A



Weston Solutions, Inc. — Protocol for Assessment of Tronox Abandoned Uranium Mine Sites, Ambrosia Lake, McKinley
County, New Mexico

Table 3-5. DCGLs for Potential Scenarios at AUM Sites (Continued)

RESRAD F ters and O Walues
[Equi to FRG 1
Resigential Inhalyton Rats £,182 m .."3"
Recreator [Backpacker, Hunter] Inhalstion Rate 292 m '.-'3.-'
Recreator (Shesp Camp] Inhalxtion Rt 2,734 rr".:',-'
Indoor Worker Inhalytion Rate 15,000 m /T
Dutdoor Worker Inhslation Rate 13,500 m '.-',-'
"Rsigential | Defawit) Soil Ingestion Rate 1044 =T
"Residential {Town| Soil ingestion Rate 32 gfyr
“Resicential [Rural) $oil InEastion Rate 120 Efyr
"Recraator {8ackpacker, Hunter] Soil Ingestion Rate z =fyr
“Recreator (Sheep Camp) Soil Ingestion Rate 18 efyr
“indioor Wiorker Soil Ingestion Rate 13 sy
"outsoor worker Soil Ingastion Rats 23 gyr
Residential indoor Time Fraction 0.66 unitiess
Residential Cutdoor Time Fraction 0.07 uRitiess
Recreator [Backpaicker, Hunter] Time Fraction 0.04 uRitiess
Recreator (Shesp Camp) Time Fraction 042 uRitiess
Incgoor Worker Time Fraction 0.23 unitiess
Dutsoor Worker Time Fraction 0.21 uRitiess
“Fruit/Vez=tanle/Smin Consumation 34.0 iy
“Leafy Vegeiable Consumption 11.3 gty
‘Rmsigential [Town) Fruit,/Vemstanie/Gmin Consumgtion 18 =iy
“Residential {Town|) Leaty Vegetabis Consumption 1.9 kgl
“Residential [Rumi] Froit/VesstsbieSrain Conzumation 33 ey
‘Resigential [Rural] Leaty Vemstanis Consumation 33 iy
“Recrextar [H Jnter:l Keat snd Powliry Consum otion 3.4 kE-"!l"
Fzacrantor [Sheep Camp) Mest and Foultry Consumption 33.1 =iy
“Recrestor [Sheep Cema] Mest Contaminated Fraction 042 uRitiess
'Racrestor [Hurter] Livestock Fodder intaks 12.0 kz/day
"Rmcrentor (4 unter] Livestock Water intaks 54.9 libers, iy
“Recreator (Hunter] Lvestock Soil Intske 04 kz/day
‘Rmcreatoe |She=p Camp] Livestock Fodder Intake 3.8 k=/day
"Racreator (Shesa Camip] Livestock Water Intaks 32.0 liters/cay
Rerastor |She=n Camp] Livestock Soil Intake 0.2 kz'day

"Sail Ing=stion Fates wers calcutsted by setting the Mass Loading for Foliar Deposition and the Wet and Dry Foliar Interception Fractions to 0.0, and then adding the
FR{G 50il ingestion retes to the amt of soil ingested from & PRS Produce Flant Mass Loading Factor of (04 {using PRS fruit and vegetable consumption rabes)

PaE Calculator has Safauit values for vegetasis snd fruit corsumption only; therefore, the following assumations were made: Totsl Frui,/VagstabisGrain and Leafy
Yegetable Consumiption = Avg of Default FRE Vegetable and Fruit consumption. Fruit/Vegetable\Srain consumption was then assumed to be 75 % of total and Leafy
Yegetable Consumption was assumed to be 23 % of total.

“Datault values for Fruit and Vegetabls Consumption wene not usad in the PRE Caloulator; the walues for each were changed to 2 kgfyr = 3.3 g/cay for Resigential
[Town] scenanio (which was used in the Grants Mineral Bett Uranium Resicentisl Assessments project] and ta 11.0 z/day for esch for Residential [Ruwral] sc=nario

“Ear the Recrestar [Hunter] Scenario, this number represents the acdition of gamie and fowl consumption. For the Recrestor [Sheep] Scenario, this number
represents consumption of shieep only.

“Raflects that shasp graze on contaminated and for 133 days (3 months) per year. Recrestor [Hunter) Meat Contamingt=d Fraction was raplicated s 1.0 as the game
ard fowl were assumed to graze on contaminated lands year-round

For the Recreator (Hunter) Sceparia, this number represents the sdoition of game and fowlsptake rates. For the Recrestor [Sheep) Scenania, this number represants
uotake rates of shaen only.

EFA's current convarsion from risk to dose = 246 x 107 per rem of sxposure per 30 years. For 8 maximum abowabie risk of 3 x 107, this eguates to 11.8 mrem/fyr
which is approaimestaly squal to L2 mrem/fyr.

1PRG Cakoulator does not back-caloulste to soil the risk comtrioution from radon inhalstion but instesd calculates risk per chosen concentration in air. Comversely,
Fesfad does back-caloulste to soil the redon inhaltion risk but doss not calculate risk in mir; thensfone, this coeparko is not replimting 8 FRG-calouiated sosnario. To
replicate PR, all soznarios in this table exclude radon inhalation pathwey excapt this first soenerio.

4Could not input one-half the veEstative cover of the resicential-bown scenario a5 this parameter is not svaitaole in RESRAD to change. The gifference betwesn the
Residential -Fural and Town scenarios is thus 1] the rural scenario employs doudle the town ingestion rate of fruts and vegetables, and 2| the town scenario emakoys
» contaminated sres of 2000 m warsuz 20,000 m* for rursl sreparia,

sChanged Srounchater Fractional Usage for Livestock water and [rmigation water fractions to 0.0, Groundwater is genemily very deep in the project location and is

ot & conceam.

iThe PRS Farmer Scanario includes several potential patiways including the consumation of home-grown producs and ingestion of home-mised beef, dairy, poultry,
eggs, fish and swine that will Ekely vary significantly from site to site. Therefore, a site that includes a farm as present or fubure Iand use should have a FRIG oaloulsted
with site-spedfic parameters.
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3.6 SUMMARY

As stated previously in section 2.2.2, radiological threat abatements of radionuclides under
CERCLA are governed by the risk range for all carcinogens established in the NCP when
ARARSs are not available or are not sufficiently protective. Abatement actions generally should
achieve a level of risk within the 10 to 10 carcinogenic risk range based on the reasonable
maximum exposure for an individual. While the upper end of the risk range is not a discrete line
at 1 x 10, EPA generally uses 10 in making risk management decisions, and 10 is considered

a concentration where additional assessment is not warranted.

For example, PRG values are generally used as a starting point for initial protectiveness and are
defined at a risk of 10°. They are generally not de facto abatement action levels. PRG
concentrations are indicative of areas that do not require further federal attention. Action levels
are generally based on 1x10™ risk and are used to define areas that warrant a time critical
removal action. Action levels are calculated at 10 to 10 risk range based on site-specific
conditions and contaminants. Factors related to uncertainty and technical limitations may justify
modification of the risk goal. The EPA has substantial history of accepting a radiological threat
abatement action level for radionuclides of 3x10™ risk, which in current OSWER guidance is

considered equivalent to a dose of 12 mrem/y.
A summary of the scenarios evaluated above are as follows;

Table 3-6. Potential Radiological Threat Abatement Criteria

Basis 1x106 risk | 1x104risk 3x10 risk Zero risk
Midnite Mine background 4.7 pCilg
Churchrock Mine Residential scenario *1.24 pCilg
TENORM Technical Report- | 14 day Recreational scenario | 3.07 pCilg | 307 pCi/g
PRG Calculator 10 Scenarios (See Table 3-2) See Table 3-2
RESRAD 7 10 Scenarios (See Table 3-5) See Table 3-5

*The 1.24 pC/g cleanup level at Churchrock Mine was for 2x10™ risk.

From these data, the following conclusions can be drawn regarding ARARs that are not

developed using the PRG Calculator
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e The primary contaminant is Ra-226+D
e Precedent acceptable criteria are in the range of 1.2 to 4.7 pCi/g of Ra-226+D

e Cleanup criteria assuming a residential scenario and an allowable risk of 1x10° will
result in a concentration less than the typical background concentration for Ra-226.

e C(leanup criteria assuming a reasonable recreational scenario of 14 days and a soil
cleanup level of 3.1 will result in a risk of about 1x107.

e Precedent EPA acceptance of a 1x10™ risk assuming a residential scenario will result in a
radiological threat abatement action criterion of 1.24 pCi/g of Ra-226 in soil.

e These criteria address concentrations in soil only. Contributions to risk do not address
contaminant concentrations in water.

PRG Calculator and RESRAD 7

Side-by-side PRG and DCGL values derived from the PRG Calculator and RESRAD 7 are
illustrated here as Table 3-7. Screening-level equivalents in counts per minute (cpm) are

included and are to be used with a 2”’x2” sodium-iodide scintillator probe.
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Table 3-7. Comparison of PRGs and DCGLs for 10 Potential Scenarios at UAM Sites

RESRAD

7x10E-5
Radon Inhalation pCi/L n/a 0.3 n/a
Residential - Default 0.9 1,334 1.1 1,630
Residential (Town) 4.6 6,817 3.1 4,594
Residential (Rural) 4.1 6,076 2.8 4,150
Recreator (Backpacker) 32.5 48,165 314 46,535
Recreator (Sheep Camp) 2.9 4,298 2.7 4,029
Recreator (Hunter): Soil + Game
and Fowl 15.4 22,823 12.0 17,784
Farmer: Soil + Biota site-specific | site-specific site-specific | site-specific
Indoor Worker 16.3 24,157 124 18,377
Outdoor Worker 7.3 10,819 5.5 8,151

"Using Microshield® software (gamma ray shielding and dose assessment modeling), the

gamma exposure rate from widespread soil contamination at 2.0 pCi/g of Ra-226 is calculated
to be 3.9 uR/h. MARSSIM table 6.7 provides the response of a 2x2 Nal detector as 760

cpm/uR/h from Ra-226.
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PRG Calculator
e The primary contaminant is Ra-226+D.

e A radiological threat abatement criterion assuming an allowable risk of 1x10° will result
in an acceptable soil concentration less than the typical background concentration for Ra-
226.

e Precedent EPA acceptance of a 3x10™ risk will result in soil radiological threat abatement
action levels for Ra-226 ranging from 2.9 for a Recreator (Sheep Camp) scenario to 32.5
pCi/g for a Recreator (Backpacker) scenario.

e Radiological threat abatement action criteria for Rn-222 at a risk level of 3x10™ or less
will result in an acceptable concentration of Rn-222 in air that is orders of magnitude less
than the EPA action level of 4.0 pCi/L.

RESRAD

e The primary contaminant is Ra-226+D.

e Precedent EPA acceptance of a 12 mrem/yr maximum TEDE will result in radiological
threat abatement action levels for Ra-226 in soil ranging from 2.7 pCi/g for a Recreator
(Sheep Camp) scenario to 31.4 pCi/g for a Recreator (Backpacker) scenario.

e Radiological threat abatement action criteria that allow a maximum TEDE of 12 mrem/yr
and include the inhalation of Rn-222 will result in a soil DCGL below 1.0 pCi/g.

e RESRAD-derived DCGLs appear to be only slightly more conservative than PRGs for 3
of the 5 non-residential scenarios. The two exceptions are the Recreator (Hunter)
scenario and the indoor worker, where the DCGLs decreased from the PRG values by
approximately 22% and 24%, respectively. For the town and rural residential scenarios,
the DCGLs are approximately two-thirds of the PRGs. The common characteristic of the
residential and indoor worker scenarios is the inclusion of an ‘indoor’ component, and it
appears that given the limited and varying available parameters between the two models
for user input, the models diverge more strongly when considering risk and EDE from
time spent indoors.

3.6.1 Conclusions

The PRG Calculator will be the primary model used to develop radiological threat abatement
criteria for the Tronox AUMs at a maximum acceptable risk of 3x10™. It is important to note
that there will not be one single PRG for all assessed AUMs; instead, individual site PRGs
must be developed based on present and likely future land-use scenarios and site-specific

input parameters.

To this end, PRGs have been developed for 10 potential scenarios for this risk level and are
provided in Table 3-2. Note that although an effort was made to select reasonable input

parameters for conditions likely to be met on AUM sites in EPA Regions 6 and 9, each site must
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be evaluated individually prior to assessment to determine not only the present and likely
future land use scenario, but to also confirm whether the site-specific input parameters
used for the PRG calculations in this protocol are appropriate for the subject site. If it is
found that appropriate input parameters vary significantly from those used, new PRG(s)
should be calculated for the site(s) using an approach that is consistent with guidance in
this document. The use of RESRAD 7 to model risk at these AUM sites can be acceptable on a
site-specific basis provided clear justification is provided as to why an alternative to the PRG
calculator is warranted. Consistent with the 2014 OSWER guidance, the radiological threat
abatement levels exclude contribution from background. The appropriate area-specific
background concentration(s) of the radionuclides of concern must be determined and those
values added to the PRG in order to attain a value for the total acceptable concentration in soil at

the site.

It must also be noted that there may be some individual state, local, or tribal regulations that may
apply and would call for lower radiological threat abatement criteria. State, local, and tribal
regulations can be more conservative than the OSWER guidance, but cannot be less

conservative.

TDD NO. TO-0001-42-14-27
TRONOX Abandoned Uranium Mine Protocol.docx 3-20 CERCLIS NO. N/A



Weston Solutions, Inc. — Protocol for Assessment of Tronox Abandoned Uranium Mine Sites, Ambrosia Lake, McKinley
County, New Mexico

4. DATACOLLECTION AND INTERPRETATION

The preceding section addressed EPA precedent cleanup criteria for sites similar to the Tronox
AUM sites and to established guidelines for calculating risk-based radiological threat abatement
action criteria. This section provides guidelines to ensure a consistent approach to field data
collection and data interpretation at sites where assessment or abatement activities are conducted.
The instrument measurements to be performed, types of samples to be collected, analytical
methods to be applied, numbers of samples or measurements required to statistically determine if
the abatement criteria are met, and the statistical tests to be applied to the data are described in

Appendix 3.

4.1 MARSSIM - PRIMARY GUIDANCE DOCUMENT

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) will be utilized
to develop the radiation survey protocol (NRC, 2002). This document was prepared
collaboratively by four Federal agencies having authority and control over radioactive materials:
EPA, NRC, DOE, and Department of Defense (DOD). The MARSSIM, published in 2000,
provides a nationally consistent consensus approach to conducting radiation surveys and
investigations at potentially contaminated sites. In addition to planning, conducting, and
assessing radiological surveys of surface soils and building surfaces, the document provides a
decision-making process to determine if site conditions are in compliance with dose-based or
risk-based regulatory criteria. As illustrated in Figure 4-1, the demonstration of compliance with

respect to conducting surveys is comprised of three interrelated parts.

Translate: Relating the acceptable risk to a corresponding radiological threat abatement criterion

using pathway modeling. This task is not within the scope of MARSSIM.

Measure: Acquiring scientifically defensible, site-specific data on the levels and distribution of

contamination by employing suitable field or laboratory measurement techniques.

Decide: Determining that the data obtained from sampling supports the assertion that the site
meets the risk criterion, within an acceptable degree of uncertainty, through application of a

statistically based decision rule.
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Figure 4-1 Compliance Demonstration

Note that development or calculation of the radiological threat abatement action criterion is not
within the scope of MARSSIM. The evaluation of surface water, groundwater, air particulates,

radon, radon progeny, or gamma exposure rates is also not within the scope of MARSSIM.

4.2 MARSSIM VERSUS THE CERCLA RADIOLOGICAL THREAT ABATEMENT
PROCESS

The CERCLA Radiological threat abatement Process defined in 40 Code of Federal Regulations
(CFR) 300.415 (NCP subpart E-Hazardous substance Response) establishes methods and criteria
for determining the extent of response when there is a release into the environment of a
hazardous substance or any pollutant that may represent an imminent and substantial danger to
the public health or welfare. The survey designs and statistical tests for relatively uniform
distributions of radioactivity discussed in MARSSIM are also discussed in CERCLA guidelines.
However, MARSSIM includes scanning for radioactive materials, which is not discussed in the
more general CERCLA guidelines. MARSSIM is not intended to replace or conflict with
existing CERCLA guidelines, but is intended to provide supplemental guidance for specific

situations involving radioactive contamination.
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The radiological threat abatement process is generally composed of four distinct steps: 1) site
referral; 2) preliminary assessment; 3) extent of contamination; and 4) removal action. The
scope of this protocol, hereinafter referred to as the Abandoned Uranium Mine Site Assessment
(AUMSA) will address steps 2, 3 and 4, as referenced above and is included as Appendix 3. The
AUMSA protocol has been designed to be conducted in three phases in order to be consistent
with EPA policy and generally consistent with MARSSIM protocols. The Preliminary
Assessment, which is equivalent to the MARSSIM Scoping Survey, will be conducted on all
mine site areas within the defined area of interest. If elevated radiological contamination above
background is detected at a mine site, the AUMSA protocol will transition to the Extent-of-
Contamination step, which is the comparable to a MARSSIM Characterization Survey, to define
the levels and extent of radiological contamination to allow for planning the abatement activities.
Alternatively, if abatement activities are not warranted, data from the Characterization Survey
will be of sufficient quality and quantity to demonstrate that the site meets the release criteria
without further action. After the radiological threat abatement activities are completed, a Final
Status Survey will be performed to document the post cleanup status of the site and attainment of

the project goals.
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Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Residential Scenario - Radon Inhalation Only

Site-Specific
Resident Equation Inputs for Ambient Air

Variable Value
TR (target cancer risk) unitless 0.0003
ED, (exposure duration - resident) yr 26

t, (time - resident) yr 26

ET, (exposure time - resident) hr 24
ET,.. (exposure time - resident child) hr 24
ET,., (exposure time - resident adult) hr 24

EF, (exposure frequency) day/yr 350
EF, . (exposure frequency - resident child) day/yr 350
EF,_, (exposure frequency - resident adult) day/yr 350
ED,_. (exposure duration - resident child) yr 6
ED,., (exposure duration - resident adult) yr 20
IRA, ., (inhalation rate - resident adult) m®/day 20
IRA, (inhalation rate - resident child) m*/day 10
IFA,. .4 (age-adjusted inhalation factor) m? 161000
GSF, (gamma shielding factor - air) unitless 1

Output generated 24MAR2015:15:41:47



Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Residential Scenario - Radon Inhalation Only (continued)

Site-Specific
Resident RISK for Ambient Ail
ICRP Submersion
Lung Inhalation = External Exposure Inhalation External Exposure  Total
Absorption Concentraion Sjope Factor Slope Factor Inhalation | External Exposure  Total Risk Risk Risk
Isotope Type (pCi/ms) (risk/pCi) (risk/yr per pCi/m3) Risk Risk Risk | (no decay) (no decay) (no decay)
Ra-226+D M 1 2.82E-08 7.74E-09 0.00451 0.000000192 0.00451 0.00454 0.000000193 0.00454
*Total Risk - - - 0.00451 0.000000192 0.00451 0.00454 0.000000193 0.00454

Output generated 24MAR2015:15:41:47

PRG = 0.07 pCi/m3
PRG= 0.00007 pCi/L



Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output

Default
Resident Equation Inputs for Soil

Residential Scenario - Default Values

Variable Value
TR (target cancer risk) unitless 0.000001
t, (time - resident) yr 26

ED, (exposure duration - resident) yr 26

ET, (exposure time - resident) hr/day 24

ET,.. (exposure time - resident child) hr/day 24

ET,.» (exposure time - resident adult) hr/day 24

ET,.; (exposure time - indoor resident) hr/day 16.416
ET,., (exposure time - outdoor resident) hr/day 1.752
ED,.. (exposure duration - resident child) yr 6

ED,., (exposure duration - resident adult) yr 20

EF, (exposure frequency - resident) day/yr 350
EF, (exposure frequency - resident child) day/yr 350
EF,., (exposure frequency - resident adult) day/yr 350
IRS; ., (soil intake rate - resident adult) mg/day 100
RS, (soil intake rate - resident child) mg/day 200
IRA, . (inhalation rate - resident adult) m*/day 20

IRA, . (inhalation rate - resident child) m*/day 10
IFS,.aqj (age-adjusted soil ingestion factor - resident) mg 1120000
IFA,..qj (age-adjusted soil inhalation factor - resident) m? 161000
GSF; (gamma shielding factor - indoor) unitless 0.4

MLF (produce plant mass loading factor) unitless 0.26
IRF, , (fruit consumption rate - resident adult) g/day 178.1
IRF, . (fruit consumption rate - resident child) g/day 68.1
IRV, _, (vegetable consumption rate - resident adult) g/day 126.2
IRV, (vegetable consumption rate - resident child) g/day 41.7
IFV,.a¢j (age-adjusted vegetable ingestion factor - resident) g 970970
IFF,.aqj (age-adjusted fruit ingestion factor - resident) g 1389710
CPF, (contaminated plant fraction) unitless 0.25
CFiish (contaminated fish fraction) unitless 1

IRF, (fish intake rate - adult) g/day 54

TR (target cancer risk) unitless 0.000001
EF, (exposure frequency - resident) day/yr 350

ED, (exposure duration - resident) yr 26

City (Climate Zone) PEF Selection Default
A / (acres) PEF Selection 0.5
Q/C,,, / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m?-s per kg/m®) PEF Selection 93.77

V / fraction of vegetative cover (unitless) 0.5

U, / mean annual wind speed (m/s) 4.69

U, / equivalent threshold value (m/s) 11.32
F(x) / function dependant on U,,,/U, derived using Cowherd et al. (1985) (unitless) 0.194
PEF (particulate emission factor) m%kg 1359344438
A (Dispersion Constant) 16.2302
B (Dispersion Constant) 18.7762
C (Dispersion Constant) 216.108
City (Climate Zone) VF Selection Default
A / (acres) VF Selection 0.5
QIC,,, / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m>-s per kg/m>) VF Selection 68.18
foc / (fraction organic carbon in soil) g/g 0.006
&rho;y, / (dry soil bulk density) g/lcm® 15
&rho;s / (soil particle density) g/cm?® 2.65
&theta,;,, / (water-filled soil porosity) Lyater/Lsoil 0.15

T / (exposure interval) s 950000000
A (VF Dispersion Constant) 11.911
B (VF Dispersion Constant) 18.4385
C (VF Dispersion Constant) 209.7845

Output generated 13MAR2015:10:40:38



Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Residential Scenario - Default Values (Continued)

Default
Resident PRGs for Soil
Faruculate Default Default
ICRP External Emls.s,_|on. Soil Volume | Soil Volume Wet External Produce
Lung Inhalation Exposure Food Ingestion  Soil Ingestion | or Volatilization Area Gamma Soil-to-plant |Ingestion Inhalation Exposure Consumption  Total Total
Absorption Slope Factor Slope Factor Slope Factor | Slope Factor factor Halflife | Correction Shielding | transfer factor PRG PRG PRG PRG PRG PRG
Isotope Type (risk/pCi)  (risk/yr per pCi/g) (risk/pCi) (risk/pCi) (m%kg) Lambda (years) Factor Factor (L/kg) (pCilg) (pCilg) (pCilg) (pCilg) (pCilg) | (mg/kg)
Bi-210 M 4.55E-10 2.77E-09 1.30E-11 2.40E-11 1.36E+09 5.05E+01 1.37E-02 1.00E+00 1.00E+0C 1.00E-01 4.88E+04 2.43E+07 5.49E+04 4.74E+02 4.66E+02 3.76E-09
Pb-210 M 1.59E-08 1.48E-09 1.18E-09 1.72E-09 1.36E+09 3.12E-02  2.22E+01| 1.00E+00 1.00E+00 9.57E-03 7.59E-01 | 7.77E+02 | 1.14E+02 7.80E-03 7.72E-03 | 1.01E-10
Po-210 M 1.45E-08 451E-11 2.25E-09 3.27E-09 1.36E+09 1.83E+0C 3.79E-01 1.00E+0C 1.00E+0C 2.09E-04 1.30E+01 2.77E+04 1.22E+05 1.37E-01 1.36E-01 3.03E-11
Ra-226+D M 2.82E-08 8.37E-06 5.14E-10 6.77E-10 1.36E+09 4.33E-04 1.60E+03 1.00E+00 1.00E+00 1.48E-02 1.33E+00 3.01E+02 | 1.39E-02 1.21E-02 6.43E-03 | 6.51E-09
Th-230 S 3.41E-08 8.45E-10 1.19E-10 1.66E-10 1.36E+09 9.19E-06 7.54E+04 1.00E+0C 1.00E+0C 1.83E-03 5.38E+00 2.48E+02 1.37E+02 5.43E-02 5.37E-02 2.61E-06
U-234 M 2.78E-08 2.53E-10 9.55E-11 1.48E-10 1.36E+09 2.82E-06 2.46E+05/ 1.00E+00 1.00E+00 5.39E-03 6.02E+00 3.03E+02 | 4.57E+02 6.69E-02 6.61E-02 1.06E-05
U-238+D M 2.37E-08 1.19E-07 1.21E-10 1.97E-10 1.36E+09 1.55E-10 4.47E+08 1.00E+0C 1.00E+0C 5.39E-03 4.54E+00 3.57E+02 9.72E-01 5.29E-02 4.96E-02 1.48E-01
Output generated 13MAR2015:10:40:38
External Produce
Ingestion Inhalation Exposure Consumption  Total
Risk per Risk per Risk per Risk per Risk per
Isotope pCilg pCilg pCilg pCilg pCilg
Bi-210 2.05E-11 |4.11523E-14 |1.82E-11 |2.1097E-09 2.146E-09
Pb-210 1.32E-06 |1.287E-09 8.77E-09 |0.000128205 |1.295E-04
Po-210 7.69E-08 (3.61011E-11 |8.2E-12 7.29927E-06 | 7.353E-06
Ra-226+D 7.52E-07 (3.32226E-09 |7.19E-05 (8.26446E-05 |1.555E-04
Th-230 1.86E-07 |4.03226E-09 |(7.3E-09 1.84162E-05 |[1.862E-05
U-234 1.66E-07 |3.30033E-09 (2.19E-09 |1.49477E-05 |1.513E-05
U-238+D 2.2E-07 2.80112E-09 |1.03E-06 |1.89036E-05 |[2.016E-05
Total risk per 1 pCi/g| 0.000346
From above, total risk per pCi/g = 3.46 x 10E-4
PRG =
So (1 x 10E-6 acceptable risk) + (3.46 x 10E-4 risk per pCi/g) = 0.00289 pCi/g
PRG =
So for 3 x 10E-4 acceptable risk, this becomes = 0.9 pCi/g

Ra-226+D, external exposure, represents 0.21  of total risk
Ra-226+D, all pathways, represents 0.45  of total risk
Pb-210, produce ingestion, represents 0.37  of total risk




Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Residential Scenario - Residential - Town

Site-Specific
Resident Equation Inputs for Soi

Variable Value
TR (target cancer risk) unitless 0.0003

t, (time - resident) yr 26

ED, (exposure duration - resident) yr 26

ET,.. (exposure time - resident child) hr/day 24

ET,., (exposure time - resident adult) hr/day 24

ET,.; (exposure time - indoor resident) hr/day 16.416
ET,., (exposure time - outdoor resident) hr/day 1.752
ED,.. (exposure duration - resident child) yr 6

ED,., (exposure duration - resident adult) yr 20

EF, (exposure frequency - resident) day/yr 350

EF,_. (exposure frequency - resident child) day/yr 350

EF, ., (exposure frequency - resident adult) day/yr 350
IRS, ., (soil intake rate - resident adult) mg/day 100
IRS,; (soil intake rate - resident child) mg/day 200
IRA,., (inhalation rate - resident adult) m®/day 20

IRA,; (inhalation rate - resident child) m*/day 10
IFS,.aqj (age-adjusted soil ingestion factor - resident) mg 1120000
IFA, .. (age-adjusted soil inhalation factor - resident) m 3 161000
GSF; (gamma shielding factor - indoor) unitless 0.4

MLF (produce plant mass loading factor) unitless 0.01
IRF,_, (fruit consumption rate - resident adult) g/day 55

IRF, (fruit consumption rate - resident child) g/day 55

IRV, ., (vegetable consumption rate - resident adult) g/day 55

IRV, (vegetable consumption rate - resident child) g/day 55
IFV,..qj (age-adjusted vegetable ingestion factor - resident) g 50050
IFF,.qj (age-adjusted fruit ingestion factor - resident) g 50050
CPF, (contaminated plant fraction) unitless 0.25

City (Climate Zone) PEF Selection Albuquerque, NM
A / (acres) PEF Selection 5

QIC,,;,  inverse of the ratio of the geometric mean air concentration to the emission flux

at center of a square source (g/m>-s per kg/m®) PEF Selection 55.22649302
V [ fraction of vegetative cover (unitless) 0.5

Up, / mean annual wind speed (m/s) 4.02

U, / equivalent threshold value (m/s) 11.32
F(x) / function dependant on U,,/U, derived using Cowherd et al. (1985) (unitless) 0.0553
PEF (particulate emission factor) m %/kg 4459780162
A (Dispersion Constant) 14.9421
B (Dispersion Constant) 17.9869
C (Dispersion Constant) 205.1782

Output generated 18MAY2015:14:28:53



Soil Ingestion
Slope Factor
(risk/pCi)
2.40E-11
1.72E-09
3.27E-09
6.77E-10
1.66E-10
1.48E-10
1.97E-10

Concentration

(pCilg)

Particulate
Emission
or Volatilization
factor
(m*/kg)
4.46E+09
4.46E+09
4.46E+09
4.46E+09
4.46E+09
4.46E+09
4.46E+09

Lambda
5.05E+01
3.12E-02
1.83E+00
4.33E-04
9.19E-06
2.82E-06
1.55E-10

Halflife
(years)
1.37E-02
2.22E+01
3.79E-01
1.60E+03
7.54E+04
2.46E+05
4.47E+09

Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output

Residential Scenario - Residential - Town (Continued)

2000 m?  Soil Volume | cm  Soil Volume

Area
Correction
Factor
8.04E-01
9.05E-01
8.70E-01
8.46E-01
9.62E-01
1.00E+00
8.56E-01

Gamma
Shielding
Factor
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

Wet

Soil-to-plant
transfer factor
(pCi/g-fresh plant

Ingestion

per pCi/g-wet soil) Risk

1.00E-01
9.57E-03
2.09E-04
1.48E-02
1.83E-03
5.39E-03
5.39E-03

2.05E-11
0.00000132
7.7E-08
7.54E-07
1.86E-07
1.66E-07
2.21E-07

- 0.00000272

Inhalation
Risk
1.25E-14
3.93E-10

1.1E-11
1.01E-09
1.23E-09
1E-09
8.56E-10
4.51E-09

External Produce
Exposure | Consumption Total
Risk Risk Risk
1.47E-11 2.73E-11 6.24E-11
7.93E-09 0.000000396/ 0.00000172
7.13E-12 1.21E-08 8.91E-08
0.0000608 0.000000317/ 0.0000619
7.02E-09 3.52E-08 2.29E-07
2.19E-09 3.68E-08 2.06E-07
8.8E-07 4.66E-08/ 0.00000115
0.0000617 0.000000844  0.0000653
PRG = 4.6 pCi/s |

Ra-226+D, external exposure, represents

93 % of total risk




Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output

Residential Scenario - Residential - Rural

Variable

TR (target cancer risk) unitless

t, (time - resident) yr

ED, (exposure duration - resident) yr

ET,.. (exposure time - resident child) hr/day
ET,., (exposure time - resident adult) hr/day

ET,. (exposure time - indoor resident) hr/day
ET,., (exposure time - outdoor resident) hr/day
ED,.. (exposure duration - resident child) yr
ED,., (exposure duration - resident adult) yr

EF, (exposure frequency - resident) day/yr

EF,.. (exposure frequency - resident child) day/yr
EF,., (exposure frequency - resident adult) day/yr
IRS,., (soil intake rate - resident adult) mg/day
IRS,.; (soil intake rate - resident child) mg/day
IRA,.; (inhalation rate - resident adult) m3/day
IRA, . (inhalation rate - resident child) m3/day

IFS;..qj (age-adjusted soil ingestion factor - resident) mg
IFA,. .4 (age-adjusted soil inhalation factor - resident) m?

GSF; (gamma shielding factor - indoor) unitless
MLF (produce plant mass loading factor) unitless

IRF,_, (fruit consumption rate - resident adult) g/day

IRF,_. (fruit consumption rate - resident child) g/day

IRV,., (vegetable consumption rate - resident adult) g/day
IRV, (vegetable consumption rate - resident child) g/day
IFV,..q; (age-adjusted vegetable ingestion factor - resident) g
IFF,..q (age-adjusted fruit ingestion factor - resident) g

CPF, (contaminated plant fraction) unitless
City (Climate Zone) PEF Selection

A / (acres) PEF Selection

Q/Cy, I inverse of the ratio of the geometric mean air concentration to the emission
flux at center of a square source (g/m%s per kg/m®) PEF Selection

V / fraction of vegetative cover (unitless)
U,, / mean annual wind speed (m/s)
U, / equivalent threshold value (m/s)

F(x) / function dependant on U,,,/U, derived using Cowherd et al. (1985) (unitless)

PEF (particulate emission factor) m*/kg
A (Dispersion Constant)
B (Dispersion Constant)
C (Dispersion Constant)

Value
0.0003
26

26

24

24
16.416
1.752

20

350
350
350
100
200

20

10
1120000
161000
0.4
0.01

11

11

11

11
100100
100100
0.25
Albuquerque, NM
5

55.22649302
0.25

4.02

11.32

0.0553
2973186774
14,9421
17.9869
205.1782



Isotope
Bi-210
Pb-210
Po-210
Ra-226+D
Th-230
U-234
U-238+D
Risk

Output generated 12MAY2015:10:19:29

ICRP ICRP
Lung Lung Inhalation
Absorption | Absorption Slope Factor
Type Type (risk/pCi)
M M 4.55E-10
M M 1.59E-08
M M 1.45E-08
M M 2.82E-08
S| S| 3.41E-08
M M 2.78E-08
M M 2.37E-08

External

Exposure
Slope Factor
(risk/yr per

pCilg)
2.77E-09
1.48E-09
451E-11
8.37E-06
8.45E-10
2.53E-10
1.19E-07

Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Residential Scenario - Residential - Rural (Continued)

Slope Factor Slope Factor Concentration

Food Soil
Ingestion Ingestion
(risk/pCi) (risk/pCi)
1.30E-11 2.40E-11
1.18E-09 1.72E-09
2.25E-09 3.27E-09
5.14E-10 6.77E-10
1.19E-10 1.66E-10
9.55E-11 1.48E-10
1.21E-10 1.97E-10

(pCilg)

PR R R PP PR

Particulate
Emission

or

Volatilization

factor

(m3kg)
2.97E+09
2.97E+09
2.97E+09
2.97E+09
2.97E+09
2.97E+09
2.97E+09

Lambda
5.05E+01
3.12E-02
1.83E+00
4.33E-04
9.19E-06
2.82E-06
1.55E-10

Halflife
(years)
1.37E-02
2.22E+01
3.79E-01
1.60E+03
7.54E+04
2.46E+05
4.47E+09

Wet
Soil-to-plant
transfer
20001 m? cm factor
Soil Volume | Soil Volume | (pCi/g-fresh
Area Gamma plant External Produce
Correction | Shielding per pCi/g- | Ingestion ' Inhalation | Exposure Consumption Total
Factor Factor wet soil) Risk Risk Risk Risk Risk
8.67E-01 1.00E+00 1.00E-01 2.05E-11 1.88E-14 1.58E-11 5.47E-11 9.1E-11
9.46E-01 1.00E+00 9.57E-03 0.00000132  5.89E-10 8.31E-09 0.000000789  0.00000212
9.36E-01 1.00E+00 2.09E-04 7.72E-08 1.65E-11 7.67E-12 2.42E-08 0.000000101
9.38E-01 1.00E+00 1.48E-02 7.54E-07 1.52E-09 0.0000674  0.000000635 0.0000688
1.00E+00 1.00E+00 1.83E-03 1.86E-07 1.85E-09 7.3E-09 7.05E-08 0.000000266
1.00E+00 1.00E+00 5.39E-03 1.66E-07 1.51E-09 2.19E-09 7.35E-08 0.000000243
9.70E-01 1.00E+00 5.39E-03 0.00000022 1.28E-09 0.000000998 9.29E-08 0.00000131
- 2.72E-06  6.76E-09 0.0000685 0.00000169 0.0000729
PRG = 4.1 pCi/g
Ra-226+D, external exposure, represents 92 % of of total risk




Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output

Recreator Scenario - Backpacker

Site-Specific
Recreator Equation Inputs for Soil

Variable

TR (target cancer risk) unitless

t,ec (time - recreator) yr *

ED,.. (exposure duration - recreator) yr >

ED,csc.c (€Xposure duration - recreator child) yr
ED,ccs.a (€XpOSure duration - recreator adult) yr

ET,.. (exposure time - recreator) hr/day

ET ccsc (EXpOSure time - recreator) hr/day

ET ccs-a (EXpOSure time - recreator) hr/day

EF,ec (exposure frequency - recreator) day/yr

EF ecs.c (€Xposure frequency - recreator child) day/yr *
EFecs.a (€XpOSure frequency - recreator adult) day/yr >
IFS;ec-agj (age-adjusted soil intake rate - recreator) mg
IRS,ecs.c (SOl intake rate - recreator child) mg/day
IRS,ecs.a (SOIl intake rate - recreator adult) mg/day
IFAc.agj (Age-adjusted inhalation rate - recreator) m°
IRAecs.c (inhalation rate - recreator child) m®/day
IRAecs.a (iNhalation rate - recreator adult) m*/day

City (Climate Zone) PEF Selection

A / (acres) PEF Selection

Q/C,, /'inverse of the ratio of the geometric mean air concentration to the emission flux at center of a

square source (g/m?s per kg/m®) PEF Selection
V / fraction of vegetative cover (unitless)

U,, / mean annual wind speed (m/s)

U, / equivalent threshold value (m/s)

F(x) / function dependant on U,,,/U; derived using Cowherd et al. (1985) (unitless)

PEF (particulate emission factor) m®/kg
A (Dispersion Constant)
B (Dispersion Constant)
C (Dispersion Constant)

Output generated 24MAR2015:11:34:55

1 Chosen to be between default residential value of 26 yrs and default farmer value of 40 yrs
2 Chosen to be between default residential value of 26 yrs and default farmer value of 40 yr«
3 Common maximum time the National Park Service issues backcountry permits

Value
0.0003
30

30

24

24

24

24

14

14

14
50400
200
100
7560
10

20
Albuquerque, NM
5

55.22649302
0.5

4.02

11.32

0.0553
4459780162
14.9421
17.9869
205.1782



Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Recreator Scenario - Backpacker (Continued)

Site-Specific
Recreator RISK for Soil
External rartculate
ICRP ICRP Exposure Emission 20001 m? cm
Lung Lung | Inhalation Slope or Soil Volume|Soil Volume
Absorp- | Absorp-  Slope Factor | Soil Ingestion Concen- Volatilization Area Gamma External
tion tion Factor | (risk/yr per = Slope Factor @ tration factor Halflife = Correction @ Shielding ' Ingestion | Inhalation | Exposure Total
Isotope Type Type (risk/pCi) pCi/g) (risk/pCi) (pCilg) (m3kg) Lambda | (years) Factor Factor Risk Risk Risk Risk
Bi-210 M M 4.55E-10  2.77E-09 2.40E-11 1 4.46E+09  5.05E+01| 1.37E-02 8.67E-01 1.00E+00 7.98E-13  5.09E-16 1.82E-12 2.62E-12
Pb-210 M M 1.59E-08 @ 1.48E-09 1.72E-09 1 4.46E+09 | 3.12E-02 2.22E+01 9.46E-01 1.00E+00 5.63E-08  1.75E-11 1.05E-09 5.74E-08
Po-210 M M 1.45E-08 4.51E-11 3.27E-09 1 4.46E+09  1.83E+00| 3.79E-01 9.36E-01 1.00E+00 3E-09 4.48E-13 8.85E-13 3E-09
Ra-226+D M M 2.82E-08 @ 8.37E-06 6.77E-10 1 4.46E+09 | 4.33E-04 1.60E+03 9.38E-01 1.00E+00 3.39E-08 4.75E-11 0.00000897 9.01E-06
Th-230 S S 3.41E-08  8.45E-10 1.66E-10 1 4.46E+09  9.19E-06 | 7.54E+04 1.00E+00 = 1.00E+00 8.37E-09 5.78E-11 9.72E-10  9.4E-09
U-234 M M 2.78E-08 @ 2.53E-10 1.48E-10 1 4.46E+09 | 2.82E-06 | 2.46E+05 1.00E+00 = 1.00E+00 7.46E-09 4.71E-11 2.91E-10  7.8E-09
U-238+D M M 2.37E-08  1.19E-07 1.97E-10 1 4.46E+09 | 1.55E-10 4.47E+09 9.70E-01 1.00E+00 9.93E-09 4.02E-11 1.33E-07 1.43E-07
Risk - - - - - - - - - 1.19E-07 2.11E-10 0.00000911 9.23E-06
Output generated 24MAR2015:11:34:55
PRG = 32.5 pCi/g
Ra-226+D, external exposure, represent: 97 % of total risk




Site-Specific
Recreator Equation Inputs for Soil

Variable

TR (target cancer risk) unitless

trec (time - recreator) yr

EDiec (exposure duration - recreator) yr

EDiesc-c (€Xposure duration - recreator child) yr
EDrecs-a (€XpOsSure duration - recreator adult) yr

ET.ec (exposure time - recreator) hr/day

ETrecs-c (€XpOSure time - recreator) hr/day

ETecs-a (€XpOSUre time - recreator) hr/day

EF.cc (exposure frequency - recreator) day/yr
EFecs-c (€xposure frequency - recreator child) day/yr
EFecs-a (€Xposure frequency - recreator adult) day/yr
IFSiec-adj (2ge-adjusted soil intake rate - recreator) mg
IRSecs-c (S0l intake rate - recreator child) mg/day
IRSecs-a (SOIl intake rate - recreator adult) mg/day
IFAcc.aqj (age-adjusted inhalation rate - recreator) m 8
IRAecs-¢ (inhalation rate - recreator child) malday
IRAecs-a (inhalation rate - recreator adult) malday
TR (target cancer risk) unitless

ED:ic (exposure duration - recreator) yr

EF.ec (exposure frequency - recreator) day/yr
IRGF¢ (land game consumption rate) g/day

IRGL,¢. (fowl consumption rate) g/day

CFec.ga (Qame contaminated fraction) unitless
CFec-o (fowl contaminated fraction) unitless

Qu-row (fowl water intake rate) kg/day

Qu-game (land game water intake rate) kg/day

Qp-fow (fowl fodder intake rate) kg/day

Qs-rowt (fowl soil intake rate) kg/day

Qp-game (land game fodder intake rate) kg/day
Qs.game (land game soil intake rate) kg/day

fo-tow (fowl on-site fraction) unitless

fs-fow (fraction of year fowl is on site) unitless

fo-game (land game on-site fraction) unitless

fs.game (fraction of year land game is on site) unitless
MLF (game pasture plant mass loading factor) unitless
City (Climate Zone) PEF Selection

A | (acres) PEF Selection

QIC,p / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m 2s per kglma) PEF Selection

V / fraction of vegetative cover (unitless)
Up, / mean annual wind speed (m/s)
U, / equivalent threshold value (m/s)

Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Recreator Scenario - Sheep Camp

F(x) / function dependant on U ,/U, derived using Cowherd et al. (1985) (unitless)

PEF (particulate emission factor) malkg
A (Dispersion Constant)
B (Dispersion Constant)
C (Dispersion Constant)

Output generated 05MAY2015:10:44:08

Value
0.0003
30

30

6

24

24

24

24

153
153
153
550800
200
100
82620
10

20
0.0003
30

153
151.8

32

5.89

0.25
Albuquerque, NM
5
55.22649302
0.5

4.02

11.32

0.0553
4459780162
14.9421
17.9869
205.1782



Site-Specific

Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Recreator Scenario - Sheep Camp (Continued)

Recreator RISK for Contaminated Fowl and Game

Isotope
Bi-210
Pb-210
Po-210
Ra-226+D
Th-230
U-234
U-238+D
*Total Risk

ICRP
Lung
Absorption

Type

M

=TI nL L

Food Ingestion
Slope Factor

(risk/pCi)
1.30E-11
1.18E-09
2.25E-09
5.14E-10
1.19E-10
9.55E-11
1.21E-10

Output generated 14MAY2015:11:19:20

Game

(pCilg)

PR R R R R R

Fowl

(pCilg)

Concentration = Concentration

O O O O O O o

Plant to Beef
Transfer Factor
(pCi/kg per pCi/d)

2.00E-03
7.00E-04
5.00E-03
1.70E-03
2.30E-04
3.90E-04
3.90E-04

Plant to Poultry
Transfer Factor

(pCi/kg per pCi/d)

2.40E+00

7.50E-01
7.50E-01

Game
Risk
2.07E-05
0.00188
0.00359
0.000819
0.00019
0.000152
0.000193
0.00684

Fowl
Risk

Total Risk from Soil (Ingestion, Inhalation, External Exposure):

Total risk from ingestion of sheep for 5 months during sheep camp =

PRG =

Game
Soil
Risk

5.3E-11
6.24E-07
0.00000023
0.00000103
3.09E-08
4.26E-08
5.4E-08
0.00000201

0.000101
0.00000201

2.9

Fowl
Soil
Risk

pCi/g

Game
Water
Risk

1.33E-09
4.21E-08
0.000000574
4.46E-08
1.4E-09
1.9E-09
2.41E-09
0.000000668

Fowl
Water
Risk



Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Recreator Scenario - Contaminated Game and Fowl|

Site-Specific
Recreator Equation Inputs for Contaminated Fowl and Game

Variable Value
TR (target cancer risk) unitless 3E-04
ED,.. (exposure duration - recreator) yr 30
EF,.. (exposure frequency - recreator) day/yr 350
IRGF, (land game consumption rate) g/day 151.8
IRGL,¢. (fowl consumption rate) g/day

CFecga (ame contaminated fraction) unitless 1
CF,cct0 (fowl contaminated fraction) unitless 1
Qu-ow (fowl water intake rate) kg/day

Qu-game (Iand game water intake rate) kg/day 64

Qp-1owi (fowl fodder intake rate) kg/day
Qs-1ow (fowl soil intake rate) kg/day

Qp-game (land game fodder intake rate) kg/day 11.77
Qs-game (Iand game soil intake rate) kg/day 0.39
fotow (fowl on-site fraction) unitless 1
fs.rowi (fraction of year fowl is on site) unitless 1
fh-game (l2and game on-site fraction) unitless 1
fsgame (fraction of year land game is on site) unitless 1
MLF (game pasture plant mass loading factor) unitless 0.25

Output generated 16APR2015:13:33:14



Site-Specific

Recreator RISK for Contaminated Fowl and Game

ICRP
Lung
Absorption
Isotope Type

Bi-210 M
Pb-210 M
Po-210 M
Ra-226+D M
Th-230 S
U-234 M
U-238+D M
*Total Risk
Output generated

Food
Ingestion

(risk/pCi)
1.30E-11
1.18E-09
2.25E-09
5.14E-10
1.19E-10
9.55E-11
1.21E-10

16APR2015:13:33:14

Game

(pCi/g)

R R R R R R

Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Recreator Scenario - Contaminated Game and Fowl (Continued)

Fowl

Slope Factor Concentration Concentration

(pCi/g)

O O O O o o o

Fiarit v
Plant to Beef Poultry
Transfer Transfer
Factor Factor Game Fowl Game
(pCi/kg per = (pCilkg per Game Fowl Soil Soil Water
pCi/d) pCi/d) Risk Risk Risk Risk Risk
2.00E-03 - 0.0000207 - 2.52E-10 - 2.65E-09
7.00E-04 - 0.00188 - 0.00000296 - 8.43E-08
5.00E-03 2.40E+00 0.00359 - 0.00000109 - 0.00000115
1.70E-03 - 0.000819 - 0.00000489 - 8.91E-08
2.30E-04 - 0.00019 - 0.000000146 - 2.79E-09
3.90E-04 7.50E-01 0.000152 - 0.000000202 - 3.8E-09
3.90E-04 7.50E-01 0.000193 - 0.000000256 - 4.81E-09
- - 0.00684 - 0.00000954 - 0.00000134
Total Risk from Ingestion of Game:| 0.00000954
Total Risk from Ingestion of Fowl: 0.000000717
Total Risk from Soil (Ingestion, Inhalation, External Exposure):| 0.00000923
Total Risk: |~ 0.000019487
PRG = 15.4 pCi/g
Contribution of Ra-226+D Ext Exp to total risk = 46 % of total risk
Contribution of Fowl Ingestion to total risk = 4 % of total risk
Contribution of Game Ingestion to total risk = 49 % of total risk

Fowl
Water
Risk



Appendix 1

Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output

Industrial Scenario - Indoor Worker

Site-Specific
Indoor Worker Equation Inputs for Soil

Variable

TR (target cancer risk) unitless

tyw (time - indoor worker) yr

EF,, (exposure frequency - indoor worker) day/yr
ED,,, (exposure duration - indoor worker) yr
ET,, (exposure time - indoor worker) hr/day
IRA,,, (inhalation rate - indoor worker) m3/day
IRS,,, (soil intake rate - indoor worker) mg/day
GSF; (gamma shielding factor - indoor) unitless
City (Climate Zone) PEF Selection

A / (acres) PEF Selection

Q/C,, /inverse of the ratio of the geometric mean air concentration to the emission flux at center of a

square source (g/m?s per kg/m®) PEF Selection
V / fraction of vegetative cover (unitless)

U,, / mean annual wind speed (m/s)

U, / equivalent threshold value (m/s)

F(x) / function dependant on U,,,/U; derived using Cowherd et al. (1985) (unitless)

PEF (particulate emission factor) m®/kg
A (Dispersion Constant)
B (Dispersion Constant)
C (Dispersion Constant)

Output generated 20MAR2015:09:50:50

Value
0.0003
25

250

25

8

60

50

0.4
Albuquerque, NM
5

55.22649302
0.5

4.02

11.32

0.0553
4459780162
14.9421
17.9869
205.1782



Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Industrial Scenario - Indoor Worker (Continued)

Site-Specific
Indoor Worker RISK for Soil
rartculate
ICRP ICRP External Adult Emission 20001 m?
Lung Lung Inhalation Exposure Soil or Soil Volume
Absorp- | Absorp- Slope | Slope Factor = Ingestion | Concen- = Volatilization Area
tion tion Factor (risk/yr per | Slope Factor tration factor Halflife Correction Ingestion
Isotope Type Type (risk/pCi) pCi/g) (risk/pCi) (pCi/g) (m3/kg) Lambda (years) Factor Risk

Bi-210 M M 4.55E-10 2.77E-09 3.74E-12 1 4.46E+09 5.05E+01 1.37E-02 8.67E-01 9.26E-13
Pb-210 M M 1.59E-08 1.48E-09 5.99E-10 1 4.46E+09 3.12E-02 2.22E+01 9.46E-01 0.00000013
Po-210 M M 1.45E-08 451E-11 1.44E-09 1 4.46E+09 1.83E+00 3.79E-01 9.36E-01 9.84E-09
Ra-226+D M M 2.82E-08 8.37E-06 2.95E-10 1 4.46E+09 4.33E-04 1.60E+03 9.38E-01 9.17E-08
Th-230 S S 3.41E-08 8.45E-10 7.73E-11 1 4.46E+09 9.19E-06 7.54E+04 1.00E+00 2.42E-08
U-234 M M 2.78E-08 2.53E-10 5.11E-11 1 4.46E+09 2.82E-06 2.46E+05 1.00E+00 1.6E-08
U-238+D M M 2.37E-08 1.19E-07 5.62E-11 1 4.46E+09 1.55E-10 4.47E+09 9.70E-01 1.76E-08
*Total Risk - - - - - - - - 2.89E-07

Output generated 20MAR?2015:09:50:50

External
Inhalation ' Exposure
Risk Risk

1.01E-14 4.34E-12
3.09E-10  2.22E-09
8.88E-12 2.11E-12
7.86E-10 0.0000178
9.56E-10 1.93E-09
7.79E-10, 5.78E-10
6.64E-10 2.63E-07
3.5E-09 0.0000181

PRG =

16.3 pCi/g

Ra-226+D, external exposure, represents 97

% of total risk

Total

Risk
5.28E-12
1.33E-07
9.85E-09
1.79E-05

2.7E-08
1.73E-08
2.82E-07
1.84E-05



Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Industrial Scenario - Outdoor Worker

Site-Specific
Outdoor Worker Equation Inputs for Soil

Variable Value

TR (target cancer risk) unitless 0.0003

tow (time - outdoor worker) yr 25

EF,., (exposure frequency - outdoor worker) day/yr 225

ED,,, (exposure duration - outdoor worker) yr 25

IR, (soil intake rate - outdoor worker) mg/day 100

IRA,,, (inhalation rate - outdoor worker) m3/day 60

ET,w (exposure time - outdoor worker) hr/day 8

City (Climate Zone) PEF Selection Albuquerque, NM
A, / (acres) PEF Selection 5

Q/C,, /'inverse of the ratio of the geometric mean air concentration to the emission flux at center of a

square source (g/m?s per kg/m®) PEF Selection 55.22649302
V / fraction of vegetative cover (unitless) 0.5

U, / mean annual wind speed (m/s) 4.02

U, / equivalent threshold value (m/s) 11.32

F(x) / function dependant on U,/U; derived using Cowherd et al. (1985) (unitless) 0.0553

PEF (particulate emission factor) m®/kg 4459780162
A (Dispersion Constant) 14.9421

B (Dispersion Constant) 17.9869

C (Dispersion Constant) 205.1782

Output generated 20MAR2015:09:39:31



Site-Specific
Outdoor Worker RISK for Soil

ICRP ICRP

Lung Lung Inhalation

Absorp-  Absorp- Slope

tion tion Factor
Isotope Type Type (risk/pCi)
Bi-210 M M 4.55E-10
Pb-210 M M 1.59E-08
Po-210 M M 1.45E-08
Ra-226+D M M 2.82E-08
Th-230 S S 3.41E-08
U-234 M M 2.78E-08
U-238+D M M 2.37E-08
*Total Risk -

Output generated 20MAR2015:09:39:31

Appendix 1
Preliminary Remediation Goal (PRG) Calculator Risk-Modeling Output
Industrial Scenario - Outdoor Worker (Continued)

Particulate
External Emission 20001 m?
Exposure Adult or Soil Volume
Slope Factor | Soil Ingestion Concen- | Volatilization Area External
(risk/yr per | Slope Factor = tration factor Halflife Correction | Ingestion | Inhalation = Exposure Total
pCi/g) (risk/pCi) (pCilg) (m3/kg) Lambda (years) Factor Risk Risk Risk Risk
2.77E-09 3.74E-12 1 4.46E+09 5.05E+01 1.37E-02 8.67E-01 1.67E-12  9.09E-15 9.77E-12| 1.14E-11
1.48E-09 5.99E-10 1 4.46E+09 3.12E-02 2.22E+01 9.46E-01 2.34E-07  2.78E-10 5E-09 2.39E-07
451E-11 1.44E-09 1 4.46E+09 1.83E+00 3.79E-01 9.36E-01 1.77E-08  7.99E-12 4.74E-12 1.77E-08
8.37E-06 2.95E-10 1 4.46E+09 4.33E-04 1.60E+03 9.38E-01 1.65E-07 7.08E-10  0.0000401 0.0000403
8.45E-10 7.73E-11 1 4.46E+09 9.19E-06 | 7.54E+04 1.00E+00 4.35E-08 8.6E-10 4.34E-09 4.87E-08
2.53E-10 5.11E-11 1 4.46E+09 2.82E-06 | 2.46E+05 1.00E+00 2.87E-08 7.01E-10 1.3E-09 3.07E-08
1.19E-07 5.62E-11 1 4.46E+09 1.55E-10 4.47E+09 9.70E-01 3.16E-08  5.98E-10 5.93E-07| 6.25E-07
- - - - - - 5.21E-07 3.15E-09  0.0000407 4.12E-05
PRG = 7.3 pCi/g
Ra-226+D, external exposure, represer 97 % of total risk




APPENDIX 2
RESidual RADioactivity (ResRad) Dose-Modeling Output




RESidual RADioactivity (ResRad) Dose-Modeling Output
Residential (with Radon Inhalation back-calculated to soil)



RESRAD, Version 7.0

T4 Limit = 30 days

Summary : RESRAD Residential (Radon Only)

File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Part I: Mixture Sums and Single Radionuclide Guidelines
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Site-Specific Parameter SUMMATLY ... euenienennenenenenenens

Summary of Pathway Selections .........iiiiiienenenenennn.

Contaminated Zone and Total Dose SUMMATYY .. .vvernnennnnnn

Total Dose Components

Time =
Time =
Time =
Time =
Time =
Time =
Time =
Time =

Dose/Source

0.

1
3
1
3.
1
3
1

000E+00
.000E+00
.000E+00
.000E+01
000E+01
.000E+02
.000E+02
.000E+03

Ratios Summed Over All Pathways ..............

Single Radionuclide Soil Guidelines ..........c.ciiieiin.n..

Dose Per Nuclide Summed Over All Pathways ................

Soil Concentration Per Nuclide ........iiiiiiiiinnenennn.

05/15/2015

11
12

13
14
15
16
17
18
19
20
21
31
33
42

08:

10

Page

1



RESRAD, Version 7.0 T Limit = 30 days 05/15/2015 08:10 Page 2
Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose Conversion Factor (and Related) Parameter Summary

Dose Library: DCFPAK3.02 (Adult)

| | current | Base | Parameter
Menu | Parameter | value# | Case* | Name

{ { { {

-1 | DCF's for external ground radiation, (mrem/yr)/(pCi/g) | | |

A-1 | At-218 (Source: DCFPAK3.02) | 5.567E-05 | 5.567E-05 | DCF1( 1)
A-1 | Bi-210 (Source: DCFPAK3.02) | 5.473E-03 | 5.474E-03 | DCFl( 2)
A-1 | Bi-214 (Source: DCFPAK3.02) | 9.135E+00 | 9.136E+00 | DCF1( 3)
A-1 | Hg-206 (Source: DCFPAK3.02) | 6.127E-01 | 6.128E-01 | DCF1( 4)
A-1 | Pa-234 (Source: DCFPAK3.02) | 8.275E+00 | 8.276E+00 | DCFl( 5)
A-1 | Pa-234m (Source: DCFPAK3.02) | 1.257E-01 | 1.257E-01 | DCF1( 6)
A-1 | Pb-210 (Source: DCFPAK3.02) | 2.092E-03 | 2.092E-03 | DCF1( 7)
A-1 | Pb-214 (Source: DCFPAK3.02) | 1.257E+00 | 1.257E+00 | DCF1( 8)
A-1 | Po-210 (Source: DCFPAK3.02) | 5.641E-05 | 5.642E-05 | DCF1( 9)
A-1 | Po-214 (Source: DCFPAK3.02) | 4.801E-04 | 4.801E-04 | DCF1( 10)
A-1 | Po-218 (Source: DCFPAK3.02) | 9.228E-09 | 9.229E-09 | DCF1( 11)
A-1 | Ra-226 (Source: DCFPAK3.02) | 3.176E-02 | 3.176E-02 | DCF1( 12)
A-1 | Rn-218 (Source: DCFPAK3.02) | 4.259E-03 | 4.260E-03 | DCF1( 13)
A-1 | Rn-222 (Source: DCFPAK3.02) | 2.130E-03 | 2.130E-03 | DCF1( 14)
A-1 | Th-230 (Source: DCFPAK3.02) | 1.106E-03 | 1.106E-03 | DCF1( 15)
A-1 | Th-234 (Source: DCFPAK3.02) | 2.316E-02 | 2.317E-02 | DCF1( 16
A-1 | T1-206 (Source: DCFPAK3.02) | 1.278E-02 | 1.278E-02 | DCF1( 17)
A-1 | T1-210 (Source: DCFPAK3.02) | 1.677E+01 | 1.678E+01 | DCF1( 18)
A-1 | U-234 (Source: DCFPAK3.02) | 3.456E-04 | 3.456E-04 | DCF1( 19
A-1 | U-238 (Source: DCFPAK3.02) | 1.713E-04 | 1.713E-04 | DCF1( 20)

| | | |
B-1 | Dose conversion factors for inhalation, mrem/pCi: | | |
B-1 | Pb-210+D | 2.1298-02 | 2.077E-02 | DCF2( 1)
B-1 | Pb-210+D1 | 2.129E-02 | 2.077E-02 | DCF2( 2)
B-1 | Pb-210+D2 | 2.080E-02 | 2.077E-02 | DCF2( 3)
B-1 | Po-210 | 1.580E-02 | 1.582E-02 | DCF2( 4)
B-1 | Ra-226+D | 3.531E-02 | 3.517E-02 | DCF2( 5)
B-1 | Ra-226+D1 | 3.531E-02 | 3.517E-02 | DCF2( 8)
B-1 | Ra-226+D2 | 3.526E-02 | 3.517E-02 | DCF2( 11)
B-1 | Ra-226+D3 | 3.526E-02 | 3.517E-02 | DCF2( 14)
B-1 | Ra-226+D4 | 3.520E-02 | 3.517E-02 | DCF2( 17)
B-1 | Th-230 | 3.760E-01 | 3.759E-01 | DCF2( 20)
B-1 | U-234 | 3.480E-02 | 3.479E-02 | DCF2( 35)
B-1 | U-238 | 2.970E-02 | 2.973E-02 | DCF2( 50)
B-1 | U-238+D | 2.973E-02 | 2.973E-02 | DCF2( 51)
B-1 | U-238+D1 | 2.973E-02 | 2.973E-02 | DCF2( 66

| | | |
D-1 | Dose conversion factors for ingestion, mrem/pCi: | | |
D-1 | Pb-210+D | 2.585E-03 | 2.575E-03 | DCF3( 1)
D-1 | Pb-210+D1 | 2.585E-03 | 2.575E-03 | DCF3( 2)
D-1 | Pb-210+D2 | 2.580E-03 | 2.575E-03 | DCE3( 3)
D-1 | Po-210 | 4.480E-03 | 4.477E-03 | DCF3( 4)
D-1 | Ra-226+D | 1.041E-03 | 1.036E-03 | DCF3( 5)
D-1 | Ra-226+D1 | 1.041E-03 | 1.036E-03 | DCF3( 8)
D-1 | Ra-226+D2 | 1.040E-03 | 1.036E-03 | DCEF3( 11)
D-1 | Ra-226+D3 | 1.040E-03 | 1.036E-03 | DCF3( 14)
D-1 | Ra-226+D4 | 1.040E-03 | 1.036E-03 | DCF3( 17)
D-1 | Th-230 | 7.920E-04 | 7.918E-04 | DCF3( 20)
D-1 | U-234 | 1.830E-04 | 1.831E-04 | DCF3( 35)
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Dose Conversion Factor (and Related) Parameter Summary (continued)

Dose Library: DCFPAK3.02 (Adult)

| | current | Base | Parameter
Menu | Parameter | value# | Case* | Name

{ { { {
D-1 | U-238 | 1.650E-04 | 1.650E-04 | DCF3( 50)
D-1 | U-238+D | 1.790E-04 | 1.650E-04 | DCF3( 51)
D-1 | U-238+D1 | 1.775E-04 | 1.650E-04 | DCF3( 66

| | | |
D-34 | Food transfer factors: | | |
D-34 | Pb-210+D , plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.000E-02 | RTF( 1,1)
D-34 | Pb-210+D , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 8.000E-04 | 8.000E-04 | RTF( 1,2)
D-34 | Pb-210+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 3.000E-04 | 3.000E-04 | RTF( 1,3)
D-34 | | | |
D-34 | Pb-210+Dl , plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.000E-02 | RTF( 2,1)
D-34 | Pb-210+Dl , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 8.000E-04 | 8.000E-04 | RTF( 2,2)
D-34 | Pb-210+D1 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 3.000E-04 | 3.000E-04 | RTF( 2,3)
D-34 | | | |
D-34 | Pb-210+D2 , plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.000E-02 | RTF( 3,1)
D-34 | Pb-210+D2 , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 8.000E-04 | 8.000E-04 | RTF( 3,2)
D-34 | Pb-210+D2 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 3.000E-04 | 3.000E-04 | RTF( 3,3)
D-34 | | | |
D-34 | Po-210 , plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF( 4,1)
D-34 | Po-210 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 5.000E-03 | 5.000E-03 | RTF( 4,2)
D-34 | Po-210 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 3.400E-04 | 3.400E-04 | RTF( 4,3)
D-34 | | | |
D-34 | Ra-226+D , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF( 5,1)
D-34 | Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 5,2)
D-34 | Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 5,3)
D-34 | | | |
D-34 | Ra-226+D1 , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF( 8,1)
D-34 | Ra-226+Dl , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 8,2)
D-34 | Ra-226+D1 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 8,3)
D-34 | | | |
D-34 | Ra-226+D2 , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF( 11,1)
D-34 | Ra-226+D2 , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 11,2)
D-34 | Ra-226+D2 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 11,3)
D-34 | | | |
D-34 | Ra-226+D3 , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF( 14,1)
D-34 | Ra-226+D3 , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 14,2)
D-34 | Ra-226+D3 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 14,3)
D-34 | | | |
D-34 | Ra-226+D4 , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF( 17,1)
D-34 | Ra-226+D4 , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 17,2)
D-34 | Ra-226+D4 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 17,3)
D-34 | | | |
D-34 | Th-230 , plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF( 20,1)
D-34 | Th-230 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 1.000E-04 | 1.000E-04 | RTF( 20,2)
D-34 | Th-230 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 5.000E-06 | 5.000E-06 | RTF( 20,3)
D-34 | | | |
D-34 | U-234 , plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF( 35,1)
D-34 | U-234 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3.400E-04 | 3.400E-04 | RTF( 35,2)
D-34 | U-234 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 6.000E-04 | 6.000E-04 | RTF( 35,3)

| | | |

D-34
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| | Current | Base | Parameter
Menu | Parameter | value# | Case* | Name

i i i i
D-34 | U-238 , plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF( 50,1)
D-34 | U-238 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3.400E-04 | 3.400E-04 | RTF( 50,2)
D-34 | U-238 , milk/livestock-intake ratio, (pCi/L)/ (pCi/d) | 6.000E-04 | 6.000E-04 | RTF( 50,3)
p-34 | | | |
D-34 | U-238+D , plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF( 51,1)
D-34 | U-238+D , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 3.400E-04 | 3.400E-04 | RTF( 51,2)
D-34 | U-238+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 6.000E-04 | 6.000E-04 | RTF( 51,3)
p-34 | | | |
D-34 | U-238+D1 , plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF( 66,1)
D-34 | U-238+D1 , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d) | 3.400E-04 | 3.400E-04 | RTF( 66,2)
D-34 | U-238+D1 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 6.000E-04 | 6.000E-04 | RTF( 66,3)
p-34 | | | |

| | | |
D-5 | Bioaccumulation factors, fresh water, L/kg: | | |
D-5 | Pb-210+D , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 1,1)
D-5 | Pb-210+D , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC( 1,2)
p-5 | | | |
D-5 | Pb-210+D1 , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 2,1)
D-5 | Pb-210+Dl , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC( 2,2)
-5 | | | |
D-5 | Pb-210+D2 , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 3,1)
D-5 | Pb-210+D2 , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC( 3,2)
-5 | | | |
D-5 | Po-210 , fish | 1.000E+02 | 1.000E+02 | BIOFAC( 4,1)
D-5 | Po-210 , crustacea and mollusks | 2.000E+04 | 2.000E+04 | BIOFAC( 4,2)
-5 | | | |
D-5 | Ra-226+D , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 5,1)
D-5 | Ra-226+D , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 5,2)
-5 | | | |
D-5 | Ra-226+Dl , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 8,1)
D-5 | Ra-226+Dl , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 8,2)
-5 | | | |
D-5 | Ra-226+D2 , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 11,1)
D-5 | Ra-226+D2 , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 11,2)
-5 | | | |
D-5 | Ra-226+D3 , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 14,1)
D-5 | Ra-226+D3 , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 14,2)
-5 | | | |
D-5 | Ra-226+D4 , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 17,1)
D-5 | Ra-226+D4 , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 17,2)
-5 | | | |
D-5 | Th-230 , fish | 1.000E+02 | 1.000E+02 | BIOFAC( 20,1)
D-5 | Th-230 , crustacea and mollusks | 5.000E+02 | 5.000E+02 | BIOFAC( 20,2)
-5 | | | |
D-5 | U-234 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 35,1)
D-5 | U-234 , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC( 35,2)
-5 | | | |
D-5 | U-238 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 50,1)
D-5 | U-238 , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC( 50,2)

| | | |

D-5
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Dose Conversion Factor (and Related) Parameter Summary (continued)

Dose Library: DCFPAK3.02 (Adult)

| | cCurrent | Base | Parameter
Menu | Parameter | value# | Case* | Name

{ { { {
D-5 | U-238+D , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 51,1)
D-5 | U-238+D , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC( 51,2)
D-5 | | | |
D-5 | U-238+D1 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 66,1)
D-5 | U-238+D1 , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC( 66,2)
D-5 | | | |

L L L L

#For DCF1 (xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Site-Specific Parameter Summary

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

{ I I I I
RO11 | Area of contaminated zone (m**2) | 2.000E+04 | 1.000E+04 | - | AREA
RO11 | Thickness of contaminated zone (m) | 2.000E+00 | 2.000E+00 | - | THICKO
RO11 | Fraction of contamination that is submerged | 0.000E+00 | 0.000E+00 | -—- | SUBMFRACT
RO11 | Length parallel to aquifer flow (m) | 1.000E+02 | 1.000E+02 | - | LczpagQ
RO11 | Basic radiation dose limit (mrem/yr) | 1.200E+01 | 3.000E+01 | - | BRDL
RO11 | Time since placement of material (yr) | 0.000E+00 | 0.000E+00 | - | TI
RO11 | Times for calculations (yr) | 1.000E+00 | 1.000E+00 | - | T( 2)
RO11 | Times for calculations (yr) | 3.000E+00 | 3.000E+00 | - | T 3)
RO11 | Times for calculations (yr) | 1.000E+01 | 1.000E+01 | - | T 4)
RO11 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 | -— | T( 5)
RO11 | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | - | T 6)
RO11 | Times for calculations (yr) | 3.000E+02 | 3.000E+02 | - | T 7)
RO11 | Times for calculations (yr) | 1.000E+03 | 1.000E+03 | - | T( 8)
RO11 | Times for calculations (yr) | not used | 0.000E+00 | -—= | T( 9)
RO11 | Times for calculations (yr) | not used | 0.000E+00 | -—- | T(10)

| | | | |
RO12 | Initial principal radionuclide (pCi/g): Pb-210 | 1.000E+00 | 0.000E+00 | -—= | s1(1)
RO12 | Initial principal radionuclide (pCi/g): Po-210 | 1.000E+00 | 0.000E+00 | -—- | s1(4)
RO12 | Initial principal radionuclide (pCi/g): Ra-226 | 1.000E+00 | 0.000E+00 | - | s1(5)
RO12 | Initial principal radionuclide (pCi/g): Th-230 | 1.000E+00 | 0.000E+00 | -—= | s1(20)
RO12 | Initial principal radionuclide (pCi/g): U-234 | 1.000E+00 | 0.000E+00 | -—- | s1(35)
R0O12 | Initial principal radionuclide (pCi/g): U-238 | 1.000E+00 | 0.000E+00 | - | S1(50)
R012 | Concentration in groundwater (pCi/L): Pb-210 | not used | 0.000E+00 | - | wi( 1)
R012 | Concentration in groundwater (pCi/L): Po-210 | not used | 0.000E+00 | - | wi( 4)
RO12 | Concentration in groundwater (pCi/L): Ra-226 | not used | 0.000E+00 | - | wi( 5)
R012 | Concentration in groundwater (pCi/L): Th-230 | not used | 0.000E+00 | - | wi(20)
R012 | Concentration in groundwater (pCi/L): U-234 | not used | 0.000E+00 | - | W1(35)
R012 | Concentration in groundwater (pCi/L): U-238 | not used | 0.000E+00 | - | W1(50)

| | | | |
R013 | Cover depth (m) | 0.000E+00 | 0.000E+00 | - | COVERO
RO13 | Density of cover material (g/cm**3) | not used | 1.500E+00 | - | DENSCV
R013 | Cover depth erosion rate (m/yr) | not used | 1.000E-03 | -—- | vev
R013 | Density of contaminated zone (g/cm**3) | 1.500E+00 | 1.500E+00 | - | DENSCZ
R013 | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.000E-03 | - | vcz
R013 | Contaminated zone total porosity | 4.000E-01 | 4.000E-01 | - | TPCZ
R013 | Contaminated zone field capacity | 2.000E-01 | 2.000E-01 | -—- | Fccz
R013 | Contaminated zone hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | - | HCCz
R013 | Contaminated zone b parameter | 5.300E+00 | 5.300E+00 | - | BCZ
R013 | Average annual wind speed (m/sec) | 2.000E+00 | 2.000E+00 | -—- | WwIND
RO13 | Humidity in air (g/m**3) | not used | 8.000E+00 | -— | HUMID
R013 | Evapotranspiration coefficient | 5.000E-01 | 5.000E-01 | - | EVAPTR
RO13 | Precipitation (m/yr) | 1.000E+00 | 1.000E+00 | - | PRECIP
RO13 | Irrigation (m/yr) | 2.000E-01 | 2.000E-01 | - | RI
R013 | Irrigation mode | overhead | overhead | - | IDITCH
R013 | Runoff coefficient | 2.000E-01 | 2.000E-01 | - | RUNOFF
R013 | Watershed area for nearby stream or pond (m**2) | 1.000E+06 | 1.000E+06 | - | WAREA
RO13 | Accuracy for water/soil computations | 1.000E-03 | 1.000E-03 | Romberg failures occurred | EPS

| | | | |
RO14 | Density of saturated zone (g/cm**3) | 1.500E+00 | 1.500E+00 | - | DENSAQ
R014 | Saturated zone total porosity | 4.000E-01 | 4.000E-01 | -—- | TPsz
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Site-Specific Parameter Summary (continued)
| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name
{ } I } I
R014 | Saturated zone effective porosity | 2.000E-01 | 2.000E-01 | - | EPSZ
R014 | Saturated zone field capacity | 2.000E-01 | 2.000E-01 | - | Fcsz
R014 | Saturated zone hydraulic conductivity (m/yr) | 1.000E+02 | 1.000E+02 | -—= | HCsz
R014 | Saturated zone hydraulic gradient | 2.000E-02 | 2.000E-02 | -—- | HGWT
R014 | Saturated zone b parameter | 5.300E+00 | 5.300E+00 | - | Bsz
RO14 | Water table drop rate (m/yr) | 1.000E-03 | 1.000E-03 | - | vwT
R014 | Well pump intake depth (m below water table) | 1.000E+01 | 1.000E+01 | -—= | DWIBWT
R014 | Model: Nondispersion (ND) or Mass-Balance (MB) | ~ND | ~ND | - | MODEL
RO14 | Well pumping rate (m**3/yr) | 2.500E+02 | 2.500E+02 | - | uw
| | | | |
RO15 | Number of unsaturated zone strata | 1 | 1 | -—- | Ns
RO15 | Unsat. zone 1, thickness (m) | 4.000E+00 | 4.000E+00 | - | H(D)
RO15 | Unsat. zone 1, soil density (g/cm**3) | 1.500E+00 | 1.500E+00 | - | DENSUZ (1)
RO15 | Unsat. zone 1, total porosity | 4.000E-01 | 4.000E-01 | -—- | TPUZ (1)
RO15 | Unsat. zone 1, effective porosity | 2.000E-01 | 2.000E-01 | -—- | EPUZ (1)
RO15 | Unsat. zone 1, field capacity | 2.000E-01 | 2.000E-01 | - | Fcuz (1)
RO15 | Unsat. zone 1, soil-specific b parameter | 5.300E+00 | 5.300E+00 | - | BUZ (1)
RO15 | Unsat. zone 1, hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | -—= | HCUZ (1)
| | | | |
R016 | Distribution coefficients for Pb-210 | | | |
ROL6 | Contaminated zone (cm**3/g) | 1.000E+02 | 1.000E+02 | - | penucc (1)
RO16 | Unsaturated zone 1 (cm**3/q) | 1.000E+02 | 1.000E+02 | -—= | DCNuUCcU( 1,1)
RO16 | Saturated zone (cm**3/g) | 1.000E+02 | 1.000E+02 | - | peNucs (1)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 1.663E-03 | ALEACH( 1)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 1)
| | | | |
RO16 | Distribution coefficients for Po-210 | | | |
ROL6 | Contaminated zone (cm**3/g) | 1.000E+01 | 1.000E+01 | - | peNucc ( 4)
RO16 | Unsaturated zone 1 (cm**3/q) | 1.000E+01 | 1.000E+01 | -—= | DCNUCU( 4,1)
RO16 | Saturated zone (cm**3/g) | 1.000E+01 | 1.000E+01 | - | pcNucs ( 4)
ROL6 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 1.632E-02 | ALEACH( 4)
ROL6 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 4)
| | | | |
RO16 | Distribution coefficients for Ra-226 | | | |
RO16 | Contaminated zone (cm**3/g) | 7.000E+01 | 7.000E+01 | - | peNucc ( 5)
ROL6 | Unsaturated zone 1 (cm**3/g) | 7.000E+01 | 7.000E+01 | - | penucu( 5,1)
RO16 | Saturated zone (cm**3/g) | 7.000E+01 | 7.000E+01 | - | peNucs ( 5)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.374E-03 | ALEACH( 5)
ROL6 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 5)
| | | | |
RO16 | Distribution coefficients for Th-230 | | | |
RO16 | Contaminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | pcNucce (20)
RO16 | Unsaturated zone 1 (cm**3/q) | 6.000E+04 | 6.000E+04 | -—= | DCNUCU (20, 1)
RO16 | Saturated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | DeNucs (20)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.778E-06 | ALEACH (20)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK (20)
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Summary RESRAD Residential (Radon Only)
File C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

{ } I } I
RO16 | Distribution coefficients for U-234 | | | |
RO16 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | - | peNucce (35)
ROL6 | Unsaturated zone 1 (cm**3/g) | 5.000E+01 | 5.000E+01 | -—= | bpcNucu (35, 1)
RO16 | Saturated zone (cm**3/q) | 5.000E+01 | 5.000E+01 | -—= | DCNUCS (35)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.319E-03 | ALEACH (35)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK (35)

| | | | |
RO16 | Distribution coefficients for U-238 | | | |
ROL6 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | - | peNucce (50)
ROL6 | Unsaturated zone 1 (cm**3/g) | 5.000E+01 | 5.000E+01 | -—= | pcNucu (50, 1)
ROL6 | Saturated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | - | peNucs (50)
R0O16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.319E-03 | ALEACH (50)
ROL6 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK (50)

| | | | |
RO17 | Inhalation rate (m**3/yr) | not used | 8.400E+03 | -—- | INHALR
RO17 | Mass loading for inhalation (g/m**3) | not used | 1.000E-04 | - | MLINH
RO17 | Exposure duration | 2.600E+01 | 3.000E+01 | - | ED
RO17 | Shielding factor, inhalation | not used | 4.000E-01 | -—- | sHF3
RO17 | Shielding factor, external gamma | not used | 7.000E-01 | - | sHF1
RO17 | Fraction of time spent indoors | 6.560E-01 | 5.000E-01 | -—= | FIND
RO17 | Fraction of time spent outdoors (on site) | 7.000E-02 | 2.500E-01 | -—- | FOTD
RO17 | Shape factor flag, external gamma | not used | 1.000E+00 | >0 shows circular AREA. | Fs
RO17 | Radii of shape factor array (used if FS = | | | |
ROL7 | Outer annular radius (m), ring 1: | not used | 5.000E+01 | - | RAD SHAPE( 1)
RO17 | Outer annular radius (m), ring 2 | not used | 7.071E+01 | - | RAD SHAPE( 2)
ROL7 | Outer annular radius (m), ring 3 | not used | 0.000E+00 | - | RAD SHAPE( 3)
ROL7 | Outer annular radius (m), ring 4 | not used | 0.000E+00 | - | RAD SHAPE( 4)
ROL7 | Outer annular radius (m), ring 5: | not used | 0.000E+00 | - | RAD SHAPE( 5)
RO17 | Outer annular radius (m), ring 6 | not used | 0.000E+00 | - | RAD SHAPE( 6)
RO17 | Outer annular radius (m), ring 7 | not used | 0.000E+00 | - | RAD SHAPE( 7)
ROL7 | Outer annular radius (m), ring 8 | not used | 0.000E+00 | - | RAD SHAPE( 8)
ROL7 | Outer annular radius (m), ring 9: | not used | 0.000E+00 | -—- | RAD SHAPE( 9)
ROL7 | Outer annular radius (m), ring 10: | not used | 0.000E+00 | - | RAD SHAPE (10)
ROL7 | Outer annular radius (m), ring 11: | not used | 0.000E+00 | - | RAD SHAPE(11)
ROL7 | Outer annular radius (m), ring 12: | not used | 0.000E+00 | - | RAD SHAPE (12)

| | | | |
RO17 | Fractions of annular areas within AREA: | | | |
RO17 | Ring 1 | not used | 1.000E+00 | -—- | FRACA( 1)
RO17 | Ring 2 | not used | 2.732E-01 | -—= | FRACA( 2)
RO17 | Ring 3 | not used | 0.000E+00 | -— | FRACA( 3)
ROL7 | Ring 4 | not used | 0.000E+00 | - | FRACA( 4)
ROL7 | Ring 5 | not used | 0.000E+00 | - | FRACA( 5)
RO17 | Ring 6 | not used | 0.000E+00 | - | FRACA( 6)
RO17 | Ring 7 | not used | 0.000E+00 | - | FRACA( 7)
ROL7 | Ring 8 | not used | 0.000E+00 | - | FRACA( 8)
ROL7 | Ring 9 | not used | 0.000E+00 | - | FRACA( 9)
RO17 | Ring 10 | not used | 0.000E+00 | - | FRACA(10)
ROL7 | Ring 11 | not used | 0.000E+00 | - | FRACA(11)
ROL7 | Ring 12 | not used | 0.000E+00 | - | FRACA(12)

| | | | |



RESRAD, Version 7.0

T4 Limit = 30 days

05/15/2015

08:10

Page 9

Summary RESRAD Residential (Radon Only)
File C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

{ } I } I
R018 | Fruits, vegetables and grain consumption (kg/yr) | not used | 1.600E+02 | - | DIET (1)
R018 | Leafy vegetable consumption (kg/yr) | not used | 1.400E+01 | - | DIET(2)
R018 | Milk consumption (L/yr) | not used | 9.200E+01 | -— | DIET(3)
R0O18 | Meat and poultry consumption (kg/yr) | not used | 6.300E+01 | - | DIET (4)
R018 | Fish consumption (kg/yr) | not used | 5.400E+00 | - | DIET(5)
R018 | Other seafood consumption (kg/yr) | not used | 9.000E-01 | - | DIET(6)
RO18 | Soil ingestion rate (g/yr) | not used | 3.650E+01 | - | soILn
R018 | Drinking water intake (L/yr) | not used | 5.100E+02 | - | pwI
R018 | Contamination fraction of drinking water | not used | 1.000E+00 | - | FDW
RO18 | Contamination fraction of household water | 1.000E+00 | 1.000E+00 | - | FHHW
RO18 | Contamination fraction of livestock water | not used | 1.000E+00 | -—- | FLW
R018 | Contamination fraction of irrigation water | not used | 1.000E+00 | - | FIRW
R018 | Contamination fraction of aquatic food | not used | 5.000E-01 | - | FRO
R018 | Contamination fraction of plant food | not used |-1 | -—= | FPLANT
RO18 | Contamination fraction of meat | not used |-1 | -—- | FMEAT
R018 | Contamination fraction of milk | not used |[-1 | - | FMILK

| | | | |
RO19 | Livestock fodder intake for meat (kg/day) | not used | 6.800E+01 | -—- | LFI5
RO19 | Livestock fodder intake for milk (kg/day) | not used | 5.500E+01 | - | LFI6
RO19 | Livestock water intake for meat (L/day) | not used | 5.000E+01 | -—= | LwIS
R0O19 | Livestock water intake for milk (L/day) | not used | 1.600E+02 | - | LWIG6
R0O19 | Livestock soil intake (kg/day) | not used | 5.000E-01 | - | LsI
R0O19 | Mass loading for foliar deposition (g/m**3) | not used | 1.000E-04 | - | MLEFD
RO19 | Depth of soil mixing layer (m) | not used | 1.500E-01 | - | DM
R0O19 | Depth of roots (m) | not used | 9.000E-01 | - | DROOT
RO19 | Drinking water fraction from ground water | not used | 1.000E+00 | - | FGWDW
RO19 | Household water fraction from ground water | 1.000E+00 | 1.000E+00 | - | FGWHH
RO19 | Livestock water fraction from ground water | not used | 1.000E+00 | - | FGWLW
R0O19 | Irrigation fraction from ground water | not used | 1.000E+00 | -—- | FGWIR

| | | | |
R19B | Wet weight crop yield for Non-Leafy (kg/m**2) | not used | 7.000E-01 | - | yv(1)
R19B | Wet weight crop yield for Leafy (kg/m**2) | not used | 1.500E+00 | -—= | Yv(2)
R19B | Wet weight crop yield for Fodder (kg/m**2) | not used | 1.100E+00 | - | ¥v(3)
R19B | Growing Season for Non-Leafy (years) | not used | 1.700E-01 | - | TE(1)
R19B | Growing Season for Leafy (years) | not used | 2.500E-01 | - | TE(2)
R19B | Growing Season for Fodder (years) | not used | 8.000E-02 | -—- | TE(3)
R19B | Translocation Factor for Non-Leafy | not used | 1.000E-01 | - | TIV(1)
R19B | Translocation Factor for Leafy | not used | 1.000E+00 | -—= | TIV(2)
R19B | Translocation Factor for Fodder | not used | 1.000E+00 | -—- | TIV(3)
R19B | Dry Foliar Interception Fraction for Non-Leafy | not used | 2.500E-01 | -—= | RDRY (1)
R19B | Dry Foliar Interception Fraction for Leafy | not used | 2.500E-01 | - | RDRY (2)
R19B | Dry Foliar Interception Fraction for Fodder | not used | 2.500E-01 | - | RDRY (3)
R19B | Wet Foliar Interception Fraction for Non-Leafy | not used | 2.500E-01 | -—= | RWET (1)
R19B | Wet Foliar Interception Fraction for Leafy | not used | 2.500E-01 | - | RWET (2)
R19B | Wet Foliar Interception Fraction for Fodder | not used | 2.500E-01 | - | RWET (3)
R19B | Weathering Removal Constant for Vegetation | not used | 2.000E+01 | - | wLaM

| | | | |
Cl4 | C-12 concentration in water (g/cm**3) | not used | 2.000E-05 | - | ci2wTr
Cl4 | C-12 concentration in contaminated soil (g/g) | not used | 3.000E-02 | - | ci2cz
Cl4 | Fraction of vegetation carbon from soil | not used | 2.000E-02 | -—- | csorn
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Summary RESRAD Residential (Radon Only)
File C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

{ I I I I
Cl4 | Fraction of vegetation carbon from air | not used | 9.800E-01 | -- | caIr
Cl4 | C-14 evasion layer thickness in soil (m) | not used | 3.000E-01 | -- | pMC
Cl4 | C-14 evasion flux rate from soil (1/sec) | not used | 7.000E-07 | -- | EVSN
Cl4 | C-12 evasion flux rate from soil (1/sec) | not used | 1.000E-10 | -- | REVSN
Cl4 | Fraction of grain in beef cattle feed | not used | 8.000E-01 | -- | AVFG4
Cl4 | Fraction of grain in milk cow feed | not used | 2.000E-01 | -- | AVFGS

| | | | |
STOR | Storage times of contaminated foodstuffs (days): | | | |
STOR | Fruits, non-leafy vegetables, and grain | 1.400E+01 | 1.400E+01 | -- | STOR T (1)
STOR | Leafy vegetables | 1.000E+00 | 1.000E+00 | -- | sSTOR T (2)
STOR |  Milk | 1.000E+00 | 1.000E+00 | -- | STOR T (3)
STOR | Meat and poultry | 2.000E+01 | 2.000E+01 | -- | STOR T (4)
STOR | Fish | 7.000E+00 | 7.000E+00 | - | STOR T(5)
STOR | Crustacea and mollusks | 7.000E+00 | 7.000E+00 | -- | STOR T (6)
STOR | Well water | 1.000E+00 | 1.000E+00 | - | STOR T (7)
STOR | Surface water | 1.000E+00 | 1.000E+00 | -- | STOR T (8)
STOR | Livestock fodder | 4.500E+01 | 4.500E+01 | -- | sSTOR T (9)

| | | | |
R021 | Thickness of building foundation (m) | 1.500E-01 | 1.500E-01 | -- | FLOOR1
R021 | Bulk density of building foundation (g/cm**3) | 2.400E+00 | 2.400E+00 | - | DENSFL
RO21 | Total porosity of the cover material | not used | 4.000E-01 | -- | TPCV
R021 | Total porosity of the building foundation | 1.000E-01 | 1.000E-01 | -- | TPFL
R021 | Volumetric water content of the cover material | not used | 5.000E-02 | -- | PH20CV
R021 | Volumetric water content of the foundation | 3.000E-02 | 3.000E-02 | -- | PH20FL
RO21 | Diffusion coefficient for radon gas (m/sec): | | | |
RO21 | in cover material | not used | 2.000E-06 | -- | DIFCV
RO21 | in foundation material | 3.000E-07 | 3.000E-07 | -- | DIFFL
RO21 | in contaminated zone soil | 2.000E-06 | 2.000E-06 | -- | DIFCZ
R021 | Radon vertical dimension of mixing (m) | 2.000E+00 | 2.000E+00 | - | HMIX
R021 | Average building air exchange rate (1/hr) | 5.000E-01 | 5.000E-01 | -- | REXG
R021 | Height of the building (room) (m) | 2.500E+00 | 2.500E+00 | -- | HRM
R021 | Building interior area factor | 0.000E+00 | 0.000E+00 | code computed (time dependent) | FAI
R021 | Building depth below ground surface (m) |-1.000E+00 |-1.000E+00 | code computed (time dependent) | DMFL
R021 | Emanating power of Rn-222 gas | 2.500E-01 | 2.500E-01 | -- | EMANA (1)
RO21 | Emanating power of Rn-220 gas | not used | 1.500E-01 | -- | EMANA (2)

| | | | |
TITL | Number of graphical time points | 32 | - | -- | NPTS
TITL | Maximum number of integration points for dose | 17 | -—= | -- | LymAx
TITL | Maximum number of integration points for risk | 257 | -—= | - | KYMAX

L 1 1 1 Il
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Summary of Pathway Selections

Pathway User Selection

|

}
1 -- external gamma | suppressed
2 -- inhalation (w/o radon) | suppressed
3 -- plant ingestion | suppressed
4 -- meat ingestion | suppressed
5 -- milk ingestion | suppressed
6 -- aquatic foods | suppressed
7 -- drinking water | suppressed
8 -- soil ingestion | suppressed
9 -- radon | active
Find peak pathway doses | suppressed

L
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Summary : RESRAD Residential (Radon Only)

File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g

Area: 20000.00 square meters Pb-210 1.000E+00
Thickness: 2.00 meters Po-210 1.000E+00
Cover Depth: 0.00 meters Ra-226 1.000E+00
Th-230 1.000E+00
U-234 1.000E+00
U-238 1.000E+00

Total Dose TDOSE (t), mrem/yr
Basic Radiation Dose Limit = 1.200E+01 mrem/yr

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years): O0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE (t): 3.763E+01 3.754E+01 3.737E+01 3.675E+01 3.505E+01 2.977E+401 1.938E+01 7.504E+00
M(t): 3.136E+00 3.129E+00 3.114E+00 3.062E+00 2.921E+00 2.481E+00 1.615E+00 6.253E-01

Maximum TDOSE (t): 3.763E+01 mrem/yr at t = 0.000E+00 years
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 3.763E+01 0.9998 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 8.154E-03 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 2.498E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 1.762E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 3.763E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

0.000E+00 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.763E+01 0.9998
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 8.154E-03 0.0002
U-234 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.498E-08 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.762E-14 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .763E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

1.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 3.752E+01 0.9993 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 2.443E-02 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 1.745E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 2.638E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 3.754E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

1.000E+00 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.752E+01 0.9993
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 2.443E-02 0.0007
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.745E-07 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 2.638E-13 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .754E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

3.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 3.731E+01 0.9985 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 5.684E-02 0.0015 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 9.189E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 3.064E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 3.737E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

3.000E+00 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.731E+01 0.9985
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 5.684E-02 0.0015
U-234 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.189E-07 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.064E-12 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .737E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

1.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 3.658E+01 0.9954 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 1.689E-01 0.0046 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 8.103E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 7.992E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 3.675E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

1.000E+01 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.658E+01 0.9954
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.689E-01 0.0046
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.103E-06 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 7.992E-11 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .675E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

3.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 3.457E+01 0.9864 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 4.768E-01 0.0136 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 6.558E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 1.864E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 3.505E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

3.000E+01 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.457E+01 0.9864
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 4.768E-01 0.0136
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 6.558E-05 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.864E-09 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .505E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

1.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 2.834E+01 0.9521 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 1.425E+00 0.0479 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 6.171E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 5.649E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 2.977E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

1.000E+02 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 2.834E+01 0.9521
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.425E+00 0.0479
U-234 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 6.171E-04 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 5.649E-08 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .977E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

3.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 1.609E+01 0.8304 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 3.283E+00 0.1694 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 3.728E-03 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 9.517E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 O0.000E+00 0.0000 1.938E+01 1.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

3.000E+02 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.609E+01 0.8304
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.283E+00 0.1694
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.728E-03 0.0002
U-238 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 9.517E-07 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .938E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

1.000E+03 years

Water Independent Pathways (Inhalation excludes radon)

(1) and Pathways

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 2.147E+00 0.2861 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 5.119E+00 0.6822 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-234 0.000E+00 0.0000 0.000E+00 0.0000 1.220E-02 0.0016 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
U-238 0.000E+00 0.0000 0.000E+00 0.0000 7.803E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 7.278E+00 0.9699 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways

As mrem/yr and Fraction of Total Dose At t

Water Dependent Pathways

1.000E+03 years

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Po-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 2.008E-01 0.0268 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 2.347E+00 0.3128
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 2.467E-02 0.0033 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 5.144E+00 0.6855
U-234 0.000E+00 0.0000 0.000E+00 0.0000 3.521E-04 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 1.255E-02 0.0017
U-238 0.000E+00 0.0000 0.000E+00 0.0000 4.595E-07 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 8.262E-06 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 2.258E-01 0.0301 0.000E+00 0.0000 .000E+00 0.0000 .000E+00 0.0000 .504E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)
(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

Pb-210+D Pb-210+D 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pb-210+D Po-210 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pb-210+D 2DSR(3J) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pb-210+D1 Pb-210+D1 1.320E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pb-210+D2 Pb-210+D2 1.900E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Po-210 Po-210 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D Ra-226+D 9.996E-01 3.761E+01 3.750E+01 3.729E+01 3.656E+01 3.456E+01 2.833E+01 1.609E+01 2.346E+00
Ra-226+D Pb-210+D 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D Po-210 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D »DSR(J) 3.761E+01 3.750E+01 3.729E+01 3.656E+01 3.456E+01 2.833E+01 1.609E+01 2.346E+00

Ra-226+D Ra-226+D 1.319E-06 4.965E-05 4.951E-05 4.923E-05 4.826E-05 4.561E-05 3.740E-05 2.123E-05 3.097E-06
Ra-226+D Pb-210+D1 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D »DSR(J) 4.965E-05 4.951E-05 4.923E-05 4.826E-05 4.561E-05 3.740E-05 2.123E-05 3.097E-06

Ra-226+D Ra-226+D 1.899E-08 7.146E-07 7.126E-07 7.086E-07 6.947E-07 6.566E-07 5.383E-07 3.056E-07 4.458E-08
Ra-226+D Pb-210+D2 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D »DSR(J) 7.146E-07 7.126E-07 7.086E-07 6.947E-07 6.566E-07 5.383E-07 3.056E-07 4.458E-08
Ra-226+D1 Ra-226+D1 2.100E-04 7.900E-03 7.878E-03 7.833E-03 7.680E-03 7.258E-03 5.951E-03 3.379E-03 4.929E-04
Ra-226+D1 Pb-210+D 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D1 Po-210 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D1 $DSR(J) 7.900E-03 7.878E-03 7.833E-03 7.680E-03 7.258E-03 5.951E-03 3.379E-03 4.929E-04

Ra-226+D1 Ra-226+D1 2.771E-10 1.043E-08 1.040E-08 1.034E-08 1.014E-08 9.581E-09 7.855E-09 4.460E-09 6.506E-10
Ra-226+D1 Pb-210+D1 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D1 YDSR(J) 1.043E-08 1.040E-08 1.034E-08 1.014E-08 9.581E-09 7.855E-09 4.460E-09 6.506E-10

Ra-226+D1 Ra-226+D1 3.989E-12 1.501E-10 1.497E-10 1.488E-10 1.459E-10 1.379E-10 1.131E-10 6.419E-11 9.364E-12
Ra-226+D1 Pb-210+D2 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D1 YDSR(J) 1.501E-10 1.497E-10 1.488E-10 1.459E-10 1.379E-10 1.131E-10 6.419E-11 9.364E-12
Ra-226+D2 Ra-226+D2 1.998E-04 7.516E-03 7.495E-03 7.453E-03 7.307E-03 6.906E-03 5.662E-03 3.214E-03 4.689E-04
Ra-226+D2 Pb-210+D 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D2 Po-210 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D2 yDSR(J) 7.516E-03 7.495E-03 7.453E-03 7.307E-03 6.906E-03 5.662E-03 3.214E-03 4.689E-04

Ra-226+D2 Ra-226+D2 2.637E-10 9.921E-09 9.893E-09 9.838E-09 9.645E-09 9.116E-09 7.474E-09 4.243E-09 6.190E-10
Ra-226+D2 Pb-210+D1 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D2 yDSR(J) 9.921E-09 9.893E-09 9.838E-09 9.645E-09 9.116E-09 7.474E-09 4.243E-09 6.190E-10
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)
(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

Ra-226+D2 Ra-226+D2 3.795E-12 1.428E-10 1.424E-10 1.416E-10 1.388E-10 1.312E-10 1.076E-10 6.108E-11 8.910E-12
Ra-226+D2 Pb-210+D2 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D2 YDSR(J) 1.428E-10 1.424E-10 1.416E-10 1.388E-10 1.312E-10 1.076E-10 6.108E-11 8.910E-12
Ra-226+D3 Ra-226+D3 4.196E-08 1.579E-06 1.574E-06 1.565E-06 1.535E-06 1.450E-06 1.189E-06 6.752E-07 9.849E-08
Ra-226+D3 Pb-210+D 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D3 Po-210 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D3 yDSR(J) 1.579E-06 1.574E-06 1.565E-06 1.535E-06 1.450E-06 1.189E-06 6.752E-07 9.849E-08

Ra-226+D3 Ra-226+D3 5.538E-14 2.084E-12 2.078E-12 2.066E-12 2.026E-12 1.915E-12 1.570E-12 8.912E-13 1.300E-13
Ra-226+D3 Pb-210+D1 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D3 ¥DSR(J) 2.084E-12 2.078E-12 2.066E-12 2.026E-12 1.915E-12 1.570E-12 8.912E-13 1.300E-13

Ra-226+D3 Ra-226+D3 7.972E-16 3.000E-14 2.991E-14 2.974E-14 2.916E-14 2.756E-14 2.260E-14 1.283E-14 1.871E-15
Ra-226+D3 Pb-210+D2 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D3 yDSR(J) 3.000E-14 2.991E-14 2.974E-14 2.916E-14 2.756E-14 2.260E-14 1.283E-14 1.871E-15
Ra-226+D4 Ra-226+D4 2.000E-07 7.525E-06 7.504E-06 7.462E-06 7.316E-06 6.914E-06 5.669E-06 3.218E-06 4.695E-07
Ra-226+D4 Pb-210+D 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D4 Po-210 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D4 yDSR(J) 7.525E-06 7.504E-06 7.462E-06 7.316E-06 6.914E-06 5.669E-06 3.218E-06 4.695E-07

Ra-226+D4 Ra-226+D4 2.640E-13 9.933E-12 9.905E-12 9.849E-12 9.657E-12 9.127E-12 7.483E-12 4.248E-12 6.197E-13
Ra-226+D4 Pb-210+D1 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226+D4 yDSR(J) 9.933E-12 9.905E-12 9.849E-12 9.657E-12 9.127E-12 7.483E-12 4.248E-12 6.197E-13

Ra-226+D4 Ra-226+D4 3.800E-15 1.430E-13 1.426E-13 1.418E-13 1.390E-13 1.314E-13 1.077E-13 6.115E-14 8.920E-15
Ra-226+D4 Pb-210+D2 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ra-226+D4 yDSR(J) 1.430E-13 1.426E-13 1.418E-13 1.390E-13 1.314E-13 1.077E-13 6.115E-14 8.920E-15
Th-230 Th-230 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D 9.996E-01 8.150E-03 2.442E-02 5.682E-02 1.688E-01 4.766E-01 1.424E+00 3.281E+00 5.141E+00
Th-230 Pb-210+D 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Po-210 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 »DSR(J) 8.150E-03 2.442E-02 5.682E-02 1.688E-01 4.766E-01 1.424E+00 3.281E+00 5.141E+00
Th-230 Th-230 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D 1.319E-06 1.076E-08 3.224E-08 7.500E-08 2.228E-07 6.291E-07 1.880E-06 4.331E-06 6.787E-06
Th-230 Pb-210+D1 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 »DSR(J) 1.076E-08 3.224E-08 7.500E-08 2.228E-07 6.291E-07 1.880E-06 4.331E-06 6.787E-06
Th-230 Th-230 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D 1.899E-08 1.549E-10 4.640E-10 1.080E-09 3.207E-09 9.056E-09 2.706E-08 6.234E-08 9.769E-08
Th-230 Pb-210+D2 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Y.DSR(J) 1.549E-10 4.640E-10 1.080E-09 3.207E-09 9.056E-09 2.706E-08 6.234E-08 9.769E-08
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Th-230 Th-230 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D1 2.100E-04 1.712E-06 5.129E-06 1.194E-05 3.545E-05 1.001E-04 2.991E-04 6.892E-04 1.080E-03
Th-230 Pb-210+D 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Po-210 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 1.712E-06 5.129E-06 1.194E-05 3.545E-05 1.001E-04 2.991E-04 6.892E-04 1.080E-03
Th-230 Th-230 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D1 2.771E-10 2.260E-12 6.771E-12 1.575E-11 4.680E-11 1.321E-10 3.949E-10 9.098E-10 1.426E-09
Th-230 Pb-210+D1 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 >DSR(7J) 2.260E-12 6.771E-12 1.575E-11 4.680E-11 1.321E-10 3.949E-10 9.098E-10 1.426E-09
Th-230 Th-230 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D1 3.989E-12 3.253E-14 9.746E-14 2.268E-13 6.736E-13 1.902E-12 5.684E-12 1.310E-11 2.052E-11
Th-230 Pb-210+D2 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 3.253E-14 9.746E-14 2.268E-13 6.736E-13 1.902E-12 5.684E-12 1.310E-11 2.052E-11
Th-230 Th-230 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D2 1.998E-04 1.629E-06 4.880E-06 1.136E-05 3.373E-05 9.525E-05 2.846E-04 6.557E-04 1.027E-03
Th-230 Pb-210+D 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Po-210 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 »DSR(J) 1.629E-06 4.880E-06 1.136E-05 3.373E-05 9.525E-05 2.846E-04 6.557E-04 1.027E-03
Th-230 Th-230 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D2 2.637E-10 2.150E-12 6.442E-12 1.499E-11 4.452E-11 1.257E-10 3.757E-10 8.656E-10 1.356E-09
Th-230 Pb-210+D1 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Y»DSR(J) 2.150E-12 6.442E-12 1.499E-11 4.452E-11 1.257E-10 3.757E-10 8.656E-10 1.356E-09
Th-230 Th-230 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D2 3.795E-12 3.095E-14 9.272E-14 2.157E-13 6.409E-13 1.810E-12 5.408E-12 1.246E-11 1.952E-11
Th-230 Pb-210+D2 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 3.095E-14 9.272E-14 2.157E-13 6.409E-13 1.810E-12 5.408E-12 1.246E-11 1.952E-11
Th-230 Th-230 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D3 4.196E-08 3.421E-10 1.025E-09 2.385E-09 7.085E-09 2.001E-08 5.978E-08 1.377E-07 2.158E-07
Th-230 Pb-210+D 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Po-210 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR (J) 3.421E-10 1.025E-09 2.385E-09 7.085E-09 2.001E-08 5.978E-08 1.377E-07 2.158E-07
Th-230 Th-230 5.538E-14 (0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D3 5.538E-14 4.516E-16 1.353E-15 3.148E-15 9.352E-15 2.641E-14 7.891E-14 1.818E-13 2.849E-13
Th-230 Pb-210+D1 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 4.516E-16 1.353E-15 3.148E-15 9.352E-15 2.641E-14 7.891E-14 1.818E-13 2.849E-13
Th-230 Th-230 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+4D3 7.972E-16 6.500E-18 1.948E-17 4.532E-17 1.346E-16 3.801E-16 1.136E-15 2.617E-15 4.100E-15
Th-230 Pb-210+D2 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 ¥»DSR(J) 6.500E-18 1.948E-17 4.532E-17 1.346E-16 3.801E-16 1.136E-15 2.617E-15 4.100E-15
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Th-230 Th-230 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D4 2.000E-07 1.631E-09 4.886E-09 1.137E-08 3.377E-08 9.536E-08 2.850E-07 6.565E-07 1.029E-06
Th-230 Pb-210+D 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Po-210 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 1.631E-09 4.886E-09 1.137E-08 3.377E-08 9.536E-08 2.850E-07 6.565E-07 1.029E-06
Th-230 Th-230 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D4 2.640E-13 2.153E-15 6.450E-15 1.501E-14 4.458E-14 1.259E-13 3.761E-13 8.666E-13 1.358E-12
Th-230 Pb-210+D1 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 YDSR(J) 2.153E-15 6.450E-15 1.501E-14 4.458E-14 1.259E-13 3.761E-13 8.666E-13 1.358E-12
Th-230 Th-230 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 Ra-226+D4 3.800E-15 3.098E-17 9.284E-17 2.160E-16 6.416E-16 1.812E-15 5.414E-15 1.247E-14 1.955E-14
Th-230 Pb-210+D2 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Th-230 ¥»DSR(J) 3.098E-17 9.284E-17 2.160E-16 6.416E-16 1.812E-15 5.414E-15 1.247E-14 1.955E-14
U-234 U-234 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D 9.996E-01 2.497E-08 1.745E-07 9.185E-07 8.100E-06 6.555E-05 6.169E-04 3.726E-03 1.255E-02
U-234 Pb-210+D 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Po-210 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 2.497E-08 1.745E-07 9.185E-07 8.100E-06 6.555E-05 6.169E-04 3.726E-03 1.255E-02
U-234 U-234 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D 1.319E-06 3.296E-14 2.303E-13 1.212E-12 1.069E-11 8.653E-11 8.143E-10 4.919E-09 1.656E-08
U-234 Pb-210+D1 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR (J) 3.296E-14 2.303E-13 1.212E-12 1.069E-11 8.653E-11 8.143E-10 4.919E-09 1.656E-08
U-234 U-234 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D 1.899E-08 4.744E-16 3.315E-15 1.745E-14 1.539E-13 1.245E-12 1.172E-11 7.080E-11 2.384E-10
U-234 Pb-210+D2 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 4.744E-16 3.315E-15 1.745E-14 1.539E-13 1.245E-12 1.172E-11 7.080E-11 2.384E-10
U-234 U-234 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+4D1 2.100E-04 5.244E-12 3.664E-11 1.929E-10 1.701E-09 1.377E-08 1.296E-07 7.827E-07 2.636E-06
U-234 Pb-210+D 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Po-210 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 5.244E-12 3.664E-11 1.929E-10 1.701E-09 1.377E-08 1.296E-07 7.827E-07 2.636E-06
U-234 U-234 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+4D1 2.771E-10 6.922E-18 4.837E-17 2.547E-16 2.246E-15 1.817E-14 1.710E-13 1.033E-12 3.479E-12
U-234 Pb-210+D1 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 ¥»DSR(J) 6.922E-18 4.837E-17 2.547E-16 2.246E-15 1.817E-14 1.710E-13 1.033E-12 3.479E-12
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-234 U-234 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+4D1 3.989E-12 9.964E-20 6.963E-19 3.665E-18 3.232E-17 2.616E-16 2.462E-15 1.487E-14 5.008E-14
U-234 Pb-210+D2 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 9.964E-20 6.963E-19 3.665E-18 3.232E-17 2.616E-16 2.462E-15 1.487E-14 5.008E-14
U-234 U-234 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D2 1.998E-04 4.989E-12 3.486E-11 1.835E-10 1.619E-09 1.310E-08 1.233E-07 7.446E-07 2.508E-06
U-234 Pb-210+D 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Po-210 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 4.989E-12 3.486E-11 1.835E-10 1.619E-09 1.310E-08 1.233E-07 7.446E-07 2.508E-06
U-234 U-234 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D2 2.637E-10 6.586E-18 4.602E-17 2.423E-16 2.137E-15 1.729E-14 1.627E-13 9.829E-13 3.310E-12
U-234 Pb-210+D1 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 6.586E-18 4.602E-17 2.423E-16 2.137E-15 1.729E-14 1.627E-13 9.829E-13 3.310E-12
U-234 U-234 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D2 3.795E-12 9.480E-20 6.624E-19 3.487E-18 3.075E-17 2.489E-16 2.342E-15 1.415E-14 4.764E-14
U-234 Pb-210+D2 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 »DSR(J) 9.480E-20 6.624E-19 3.487E-18 3.075E-17 2.489E-16 2.342E-15 1.415E-14 4.764E-14
U-234 U-234 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D3 4.196E-08 1.048E-15 7.323E-15 3.855E-14 3.400E-13 2.751E-12 2.589E-11 1.564E-10 5.267E-10
U-234 Pb-210+D 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Po-210 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Y»DSR(J) 1.048E-15 7.323E-15 3.855E-14 3.400E-13 2.751E-12 2.589E-11 1.564E-10 5.267E-10
U-234 U-234 5.538E-14 (0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D3 5.538E-14 1.383E-21 9.666E-21 5.089E-20 4.488E-19 3.632E-18 3.418E-17 2.065E-16 6.952E-16
U-234 Pb-210+D1 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR (J) 1.383E-21 9.666E-21 5.089E-20 4.488E-19 3.632E-18 3.418E-17 2.065E-16 6.952E-16
U-234 U-234 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+4D3 7.972E-16 1.991E-23 1.391E-22 7.325E-22 6.460E-21 5.228E-20 4.920E-19 2.972E-18 1.001E-17
U-234 Pb-210+D2 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 1.991E-23 1.391E-22 7.325E-22 6.460E-21 5.228E-20 4.920E-19 2.972E-18 1.001E-17
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-234 U-234 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D4 2.000E-07 4.996E-15 3.491E-14 1.838E-13 1.621E-12 1.312E-11 1.234E-10 7.455E-10 2.511E-09
U-234 Pb-210+D 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Po-210 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 »DSR(J) 4.996E-15 3.491E-14 1.838E-13 1.621E-12 1.312E-11 1.234E-10 7.455E-10 2.511E-09
U-234 U-234 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D4 2.640E-13 6.594E-21 4.608E-20 2.426E-19 2.139E-18 1.731E-17 1.629E-16 9.841E-16 3.314E-15
U-234 Pb-210+D1 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 6.594E-21 4.608E-20 2.426E-19 2.139E-18 1.731E-17 1.629E-16 9.841E-16 3.314E-15
U-234 U-234 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Th-230 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 Ra-226+D4 3.800E-15 9.491E-23 6.632E-22 3.492E-21 3.079E-20 2.492E-19 2.345E-18 1.417E-17 4.770E-17
U-234 Pb-210+D2 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-234 YDSR(J) 9.491E-23 6.632E-22 3.492E-21 3.079E-20 2.492E-19 2.345E-18 1.417E-17 4.770E-17
U-238 U-238 5.450E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-238+D 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D 1.599E-03 2.819E-17 4.219E-16 4.900E-15 1.278E-13 2.982E-12 9.035E-11 1.522E-09 1.321E-08
U-238+D Pb-210+D 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Po-210 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D »DSR(3J) 2.819E-17 4.219E-16 4.900E-15 1.278E-13 2.982E-12 9.035E-11 1.522E-09 1.321E-08
U-238+D U-238+D 2.111E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 2.111E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 2.111E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D 2.111E-09 3.721E-23 5.570E-22 6.468E-21 1.687E-19 3.936E-18 1.193E-16 2.009E-15 1.744E-14
U-238+D Pb-210+D1 2.111E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D 2DSR(3J) 3.721E-23 5.570E-22 6.468E-21 1.687E-19 3.936E-18 1.193E-16 2.009E-15 1.744E-14
U-238+D U-238+D 3.039E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 3.039E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 3.039E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D 3.039E-11 5.356E-25 8.017E-24 9.311E-23 2.429E-21 5.665E-20 1.717E-18 2.892E-17 2.511E-16
U-238+D Pb-210+D2 3.039E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 5.356E-25 8.017E-24 9.311E-23 2.429E-21 5.665E-20 1.717E-18 2.892E-17 2.511E-16
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-238+D U-238+4D 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D1 3.359E-07 5.920E-21 8.863E-20 1.029E-18 2.685E-17 6.263E-16 1.898E-14 3.197E-13 2.776E-12
U-238+D Pb-210+D 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Po-210 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 5.920E-21 8.863E-20 1.029E-18 2.685E-17 6.263E-16 1.898E-14 3.197E-13 2.776E-12
U-238+D U-238+D 4.434E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 4.434E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 4.434E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+4D1 4.434E-13 7.815E-27 1.170E-25 1.359E-24 3.544E-23 8.267E-22 2.505E-20 4.220E-19 3.664E-18
U-238+D Pb-210+D1 4.434E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D »DSR(J) 7.815E-27 1.170E-25 1.359E-24 3.544E-23 8.267E-22 2.505E-20 4.220E-19 3.664E-18
U-238+D U-238+D 6.383E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 6.383E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 6.383E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D1 6.383E-15 1.125E-28 1.684E-27 1.956E-26 5.101E-25 1.190E-23 3.606E-22 6.074E-21 5.274E-20
U-238+D Pb-210+D2 6.383E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D »DSR(3J) 1.125E-28 1.684E-27 1.956E-26 5.101E-25 1.190E-23 3.606E-22 6.074E-21 5.274E-20
U-238+D U-238+D 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D2 3.196E-07 5.633E-21 8.432E-20 9.793E-19 2.554E-17 5.959E-16 1.806E-14 3.042E-13 2.641E-12
U-238+D Pb-210+D 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Po-210 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 5.633E-21 8.432E-20 9.793E-19 2.554E-17 5.959E-16 1.806E-14 3.042E-13 2.641E-12
U-238+D U-238+D 4.219E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 4.219E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 4.219E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D2 4.219E-13 7.435E-27 1.113E-25 1.293E-24 3.372E-23 7.866E-22 2.383E-20 4.015E-19 3.486E-18
U-238+D Pb-210+D1 4.219E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 7.435E-27 1.113E-25 1.293E-24 3.372E-23 7.866E-22 2.383E-20 4.015E-19 3.486E-18
U-238+D U-238+D 6.073E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 6.073E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 6.073E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+4D2 6.073E-15 1.070E-28 1.602E-27 1.861E-26 4.853E-25 1.132E-23 3.431E-22 5.779E-21 5.017E-20
U-238+D Pb-210+D2 6.073E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 1.070E-28 1.602E-27 1.861E-26 4.853E-25 1.132E-23 3.431E-22 5.779E-21 5.017E-20
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-238+D U-238+4D 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D3 6.713E-11 1.183E-24 1.771E-23 2.057E-22 5.365E-21 1.252E-19 3.792E-18 6.389E-17 5.547E-16
U-238+D Pb-210+D 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Po-210 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 1.183E-24 1.771E-23 2.057E-22 5.365E-21 1.252E-19 3.792E-18 6.389E-17 5.547E-16
U-238+D U-238+D 8.862E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 8.862E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 8.862E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+4D3 8.862E-17 1.562E-30 2.338E-29 2.715E-28 7.082E-27 1.652E-25 5.006E-24 8.433E-23 7.322E-22
U-238+D Pb-210+D1 8.862E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D »DSR(J) 1.562E-30 2.338E-29 2.715E-28 7.082E-27 1.652E-25 5.006E-24 8.433E-23 7.322E-22
U-238+D U-238+D 1.276E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 1.276E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 1.276E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D3 1.276E-18 2.248E-32 3.365E-31 3.908E-30 1.019E-28 2.378E-27 7.206E-26 1.214E-24 1.054E-23
U-238+D Pb-210+D2 1.276E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D »DSR(3J) 2.248E-32 3.365E-31 3.908E-30 1.019E-28 2.378E-27 7.206E-26 1.214E-24 1.054E-23
U-238+D U-238+D 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D4 3.200E-10 5.640E-24 8.442E-23 9.805E-22 2.558E-20 5.966E-19 1.808E-17 3.045E-16 2.644E-15
U-238+D Pb-210+D 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Po-210 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 5.640E-24 8.442E-23 9.805E-22 2.558E-20 5.966E-19 1.808E-17 3.045E-16 2.644E-15
U-238+D U-238+D 4.224E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 4.224E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 4.224E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D4 4.224E-16 7.444E-30 1.114E-28 1.294E-27 3.376E-26 7.875E-25 2.386E-23 4.020E-22 3.490E-21
U-238+D Pb-210+D1 4.224E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 7.444E-30 1.114E-28 1.294E-27 3.376E-26 7.875E-25 2.386E-23 4.020E-22 3.490E-21
U-238+D U-238+D 6.080E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D U-234 6.080E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Th-230 6.080E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D Ra-226+D4 6.080E-18 1.072E-31 1.604E-30 1.863E-29 4.859E-28 1.134E-26 3.435E-25 5.786E-24 5.023E-23
U-238+D Pb-210+D2 6.080E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D YDSR(J) 1.072E-31 1.604E-30 1.863E-29 4.859E-28 1.134E-26 3.435E-25 5.786E-24 5.023E-23
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-238+D1 U-238+D1 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D 9.980E-01 1.759E-14 2.633E-13 3.058E-12 7.976E-11 1.861E-09 5.638E-08 9.498E-07 8.246E-06
U-238+D1 Pb-210+D 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Po-210 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 1.759E-14 2.633E-13 3.058E-12 7.976E-11 1.861E-09 5.638E-08 9.498E-07 8.246E-06
U-238+D1 U-238+D1 1.317E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 1.317E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 1.317E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D 1.317E-06 2.322E-20 3.476E-19 4.036E-18 1.053E-16 2.456E-15 7.442E-14 1.254E-12 1.088E-11
U-238+D1 Pb-210+D1 1.317E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 »DSR(J) 2.322E-20 3.476E-19 4.036E-18 1.053E-16 2.456E-15 7.442E-14 1.254E-12 1.088E-11
U-238+D1 U-238+D1 1.896E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 1.896E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 1.896E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D 1.896E-08 3.342E-22 5.003E-21 5.810E-20 1.515E-18 3.535E-17 1.071E-15 1.805E-14 1.567E-13
U-238+D1 Pb-210+D2 1.896E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 »DSR(3J) 3.342E-22 5.003E-21 5.810E-20 1.515E-18 3.535E-17 1.071E-15 1.805E-14 1.567E-13
U-238+D1 U-238+D1 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D1 2.096E-04 3.694E-18 5.530E-17 6.423E-16 1.675E-14 3.908E-13 1.184E-11 1.995E-10 1.732E-09
U-238+D1 Pb-210+D 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Po-210 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 3.694E-18 5.530E-17 6.423E-16 1.675E-14 3.908E-13 1.184E-11 1.995E-10 1.732E-09
U-238+D1 U-238+D1 2.767E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 2.767E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 2.767E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+4D1 2.767E-10 4.877E-24 7.300E-23 8.478E-22 2.211E-20 5.159E-19 1.563E-17 2.633E-16 2.286E-15
U-238+D1 Pb-210+D1 2.767E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 4.877E-24 7.300E-23 8.478E-22 2.211E-20 5.159E-19 1.563E-17 2.633E-16 2.286E-15
U-238+D1 U-238+D1 3.983E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 3.983E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 3.983E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+4D1 3.983E-12 7.019E-26 1.051E-24 1.220E-23 3.183E-22 7.426E-21 2.250E-19 3.790E-18 3.291E-17
U-238+D1 Pb-210+D2 3.983E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 7.019E-26 1.051E-24 1.220E-23 3.183E-22 7.426E-21 2.250E-19 3.790E-18 3.291E-17
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-238+D1 U-238+D1 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D2 1.994E-04 3.515E-18 5.262E-17 6.111E-16 1.594E-14 3.718E-13 1.127E-11 1.898E-10 1.648E-09
U-238+D1 Pb-210+D 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Po-210 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 3.515E-18 5.262E-17 6.111E-16 1.594E-14 3.718E-13 1.127E-11 1.898E-10 1.648E-09
U-238+D1 U-238+D1 2.633E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 2.633E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 2.633E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+4D2 2.633E-10 4.640E-24 6.945E-23 8.066E-22 2.104E-20 4.908E-19 1.487E-17 2.505E-16 2.175E-15
U-238+D1 Pb-210+D1 2.633E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 2DSR(3J) 4.640E-24 6.945E-23 8.066E-22 2.104E-20 4.908E-19 1.487E-17 2.505E-16 2.175E-15
U-238+D1 U-238+D1 3.789E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 3.789E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 3.789E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D2 3.789E-12 6.678E-26 9.997E-25 1.161E-23 3.029E-22 7.065E-21 2.141E-19 3.606E-18 3.131E-17
U-238+D1 Pb-210+D2 3.789E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 »DSR(J) 6.678E-26 9.997E-25 1.161E-23 3.029E-22 7.065E-21 2.141E-19 3.606E-18 3.131E-17
U-238+D1 U-238+D1 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D3 4.189E-08 7.383E-22 1.105E-20 1.284E-19 3.348E-18 7.810E-17 2.367E-15 3.987E-14 3.461E-13
U-238+D1 Pb-210+D 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Po-210 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 7.383E-22 1.105E-20 1.284E-19 3.348E-18 7.810E-17 2.367E-15 3.987E-14 3.461E-13
U-238+D1 U-238+D1 5.530E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 5.530E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 5.530E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+4D3 5.530E-14 9.745E-28 1.459E-26 1.694E-25 4.419E-24 1.031E-22 3.124E-21 5.262E-20 4.569E-19
U-238+D1 Pb-210+D1 5.530E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 9.745E-28 1.459E-26 1.694E-25 4.419E-24 1.031E-22 3.124E-21 5.262E-20 4.569E-19
U-238+D1 U-238+D1 7.959E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 7.959E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 7.959E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+4D3 7.959E-16 1.403E-29 2.100E-28 2.439E-27 6.361E-26 1.484E-24 4.496E-23 7.575E-22 6.576E-21
U-238+D1 Pb-210+D2 7.959E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 1.403E-29 2.100E-28 2.439E-27 6.361E-26 1.484E-24 4.496E-23 7.575E-22 6.576E-21
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr) / (pCi/g)

(1) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
U-238+D1 U-238+D1 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D4 1.997E-07 3.519E-21 5.268E-20 6.118E-19 1.596E-17 3.723E-16 1.128E-14 1.900E-13 1.650E-12
U-238+D1 Pb-210+D 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Po-210 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 YDSR(J) 3.519E-21 5.268E-20 6.118E-19 1.596E-17 3.723E-16 1.128E-14 1.900E-13 1.650E-12
U-238+D1 U-238+D1 2.636E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 2.636E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 2.636E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D4 2.636E-13 4.645E-27 6.954E-26 8.076E-25 2.107E-23 4.914E-22 1.489E-20 2.508E-19 2.178E-18
U-238+D1 Pb-210+D1 2.636E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 2DSR(3J) 4.645E-27 6.954E-26 8.076E-25 2.107E-23 4.914E-22 1.489E-20 2.508E-19 2.178E-18
U-238+D1 U-238+D1 3.794E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 U-234 3.794E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Th-230 3.794E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 Ra-226+D4 3.794E-15 6.686E-29 1.001E-27 1.162E-26 3.032E-25 7.073E-24 2.143E-22 3.611E-21 3.135E-20
U-238+D1 Pb-210+D2 3.794E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
U-238+D1 »DSR(3J) 6.686E-29 1.001E-27 1.162E-26 3.032E-25 7.073E-24 2.143E-22 3.611E-21 3.135E-20
The DSR includes contributions from associated (half-life < 30 days) daughters.

Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 1.200E+01 mrem/yr

Nuclide

(1) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Pb-210 *7.632E+13 *7.632E+13 *7.632E+13 *7.632E+13 *7.632E+13 *7.632E+13 *7.632E+13 *7.632E+13
Po-210 *4.472E+15 *4.472E+15 *4.472E+15 *4.472E+15 *4.472E+15 *4.472E+15 *4.472E+15 *4.472E+15
Ra-226 3.189E-01 3.198E-01 3.216E-01 3.281E-01 3.471E-01 4.234E-01 7.457E-01 5.112E+00
Th-230 1.472E+03 4.912E+02 2.111E+02 7.107E+01 2.517E+401 8.422E+00 3.656E+00 2.333E+00
U-234 4.804E+08 6.875E+07 1.306E+07 1.481E+06 1.830E+05 1.944E+04 3.219E+03 9.560E+02
U-238 *3.361E+05 *3.361E+05 *3.361E+05 *3.361E+05 *3.361E+05 *3.361E+05 *3.361E+05 *3.361E+05

*At specific activity limit
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/ (pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

at tmin = time of minimum single radionuclide soil guideline

and at tmax = time of maximum total dose = 0.000E+00 years
Nuclide 1Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)
(1) (pCi/9) (years) (pCi/g) (pCi/9)
Pb-210 1.000E+00 0.000E+00 0.000E+00 *7.632E+13 0.000E+00 *7.632E+13
Po-210 1.000E+00 0.000E+00 0.000E+00 *4.472E+15 O0.000E+00 *4.472E+15
Ra-226 1.000E+00 0.000E+00 3.763E+01 3.189E-01 3.763E+01 3.189E-01
Th-230 1.000E+00 1.000E+03 5.144E+00 2.333E+00 8.154E-03 1.472E+03
U-234 1.000E+00 1.000E+03 1.255E-02 9.560E+02 2.498E-08 4.804E+08
U-238 1.000E+00 1.000E+03 8.262E-06 *3.361E+05 1.762E-14 *3.361E+05

*At specific activity limit
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Summary : RESRAD Residential (Radon Only)
File : C:\RESRADiFAMILY\RESRAD\7.0\USERFILES\SITE17.RAD

Individual Nuclide Dose Summed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) DOSE (j,t), mrem/yr

(3) (1) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Pb-210 Pb-210 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Pb-210 1.320E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 ¥DOSE (J) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Pb-210 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Po-210 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Ra-226 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Ra-226 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Ra-226 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Ra-226 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Ra-226 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Th-230 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Th-230 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Th-230 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Th-230 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 Th-230 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-234 9.996E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-234 2.100E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-234 1.998E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-234 4.196E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-234 2.000E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 1.599E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 3.359E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 3.196E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00



RESRAD, Version 7.0 T Limit = 30 days 05/15/2015 08:10 Page 34
Summary RESRAD Residential (Radon Only)
File C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) DOSE (j,t), mrem/yr

(3) (1) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Po-210 U-238 6.713E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 3.200E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 9.980E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 2.096E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 1.994E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 4.189E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 U-238 1.997E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Po-210 YDOSE(J) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Pb-210 1.900E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 1.899E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 3.989E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 3.795E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 7.972E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 3.800E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.039E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 6.383E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 6.073E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.276E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 6.080E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.896E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.983E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.789E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 7.959E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 3.794E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 YDOSE(J) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 Ra-226 9.996E-01 3.761E+01 3.750E+01 3.729E+01 3.656E+01 3.456E+01 2.833E+01 1.609E+01 2.346E+00
Ra-226 Ra-226 1.319E-06 4.965E-05 4.951E-05 4.923E-05 4.826E-05 4.561E-05 3.740E-05 2.123E-05 3.097E-06
Ra-226 Th-230 9.996E-01 8.150E-03 2.442E-02 5.682E-02 1.688E-01 4.766E-01 1.424E+00 3.281E+00 5.141E+00
Ra-226 Th-230 1.319E-06 1.076E-08 3.224E-08 7.500E-08 2.228E-07 6.291E-07 1.880E-06 4.331E-06 6.787E-06
Ra-226 Th-230 1.899E-08 1.549E-10 4.640E-10 1.080E-09 3.207E-09 9.056E-09 2.706E-08 6.234E-08 9.769E-08
Ra-226 U-234 9.996E-01 2.497E-08 1.745E-07 9.185E-07 8.100E-06 6.555E-05 6.169E-04 3.726E-03 1.255E-02
Ra-226 U-234 1.319E-06 3.296E-14 2.303E-13 1.212E-12 1.069E-11 8.653E-11 8.143E-10 4.919E-09 1.656E-08
Ra-226 U-234 1.899E-08 4.744E-16 3.315E-15 1.745E-14 1.539E-13 1.245E-12 1.172E-11 7.080E-11 2.384E-10
Ra-226 U-238 1.599E-03 2.819E-17 4.219E-16 4.900E-15 1.278E-13 2.982E-12 9.035E-11 1.522E-09 1.321E-08
Ra-226 U-238 2.111E-09 3.721E-23 5.570E-22 6.468E-21 1.687E-19 3.936E-18 1.193E-16 2.009E-15 1.744E-14
Ra-226 U-238 3.039E-11 5.356E-25 8.017E-24 9.311E-23 2.429E-21 5.665E-20 1.717E-18 2.892E-17 2.511E-16
Ra-226 U-238 9.980E-01 1.759E-14 2.633E-13 3.058E-12 7.976E-11 1.861E-09 5.638E-08 9.498E-07 8.246E-06
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Summary RESRAD Residential (Radon Only)
File C:\RESRAD FAMILY\RESRAD\7.0\USERFILES\SITE17.RAD
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) DOSE (j,t), mrem/yr

(3) (1) 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Ra-226 U-238 1.317E-06 2.322E-20 3.476E-19 4.036E-18 1.053E-16 2.456E-15 7.442E-14 1.254E-12 1.088E-11
Ra-226 U-238 1.896E-08 3.342E-22 5.003E-21 5.810E-20 1.515E-18 3.535E-17 1.071E-15 1.805E-14 1.567E-13
Ra-226 YDOSE (J) 3.762E+01 3.753E+01 3.735E+01 3.673E+01 3.503E+01 2.976E+01 1.937E+01 7.501E+00
Pb-210 Ra-226 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Ra-226 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 Th-230 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 1.319E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 2.771E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 2.637E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 5.538E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-234 2.640E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 2.111E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 4.434E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 4.219E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 8.862E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 4.224E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 1.317E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 2.767E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 2.633E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 5.530E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 U-238 2.636E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 ¥DOSE (J) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 Ra-226 1.899E-08 7.146E-07 7.126E-07 7.086E-07 6.947E-07 6.566E-07 5.383E-07 3.056E-07 4.458E-08
Ra-226 Ra-226 2.100E-04 7.900E-03 7.878E-03 7.833E-03 7.680E-03 7.258E-03 5.951E-03 3.379E-03 4.929E-04
Ra-226 YDOSE(J) 7.901E-03 7.878E-03 7.834E-03 7.681E-03 7.259E-03 5.951E-03 3.379E-03 4.929E-04
Ra-226 Ra-226 2.771E-10 1.043E-08 1.040E-08 1.034E-08 1.014E-08 9.581E-09 7.855E-09 4.460E-09 6.506E-10
Ra-226 Ra-226 3.989E-12 1.501E-10 1.497E-10 1.488E-10 1.459E-10 1.379E-10 1.131E-10 6.419E-11 9.364E-12
Ra-226 YDOSE(J) 1.058E-08 1.055E-08 1.049E-08 1.028E-08 9.719E-09 7.968E-09 4.524E-09 6.599E-10
Ra-226 Ra-226 1.998E-04 7.516E-03 7.495E-03 7.453E-03 7.307E-03 6.906E-03 5.662E-03 3.214E-03 4.689E-04
Ra-226 Ra-226 2.637E-10 9.921E-09 9.893E-09 9.838E-09 9.645E-09 9.116E-09 7.474E-09 4.243E-09 6.190E-10
Ra-226 Th-230 1.998E-04 1.629E-06 4.880E-06 1.136E-05 3.373E-05 9.525E-05 2.846E-04 6.557E-0